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INTRODUCTION 
The European corn borer, Qstrinia nubilalis (Hubner), was first dis­
covered in the United States in 1917 near Boston, Massachusetts. Since 
that time the borer has infested the major corn producing areas of the 
United States and at the present time is found as far west as Colorado 
and as far south as Georgia. 
After establishment of the borer in a given area, considerable 
fluctuations in population occur. Yield losses from the corn borer vary 
widely depending on the size of the population and the kind and stage of 
growth of the corn. Fluctuations of this type among insects of economic 
importance are not unusual. Outbreaks of chinch bugs in the Midwest, 
grasshoppers in the Great Plains, and the "locust plagues" mentioned in 
the Bible, are all examples. Causes of insect outbreaks are not well 
understood. Temperature, rainfall, humidity, natural enemies, and cul­
tural practices are all factors which may contribute to the increase or 
decrease of an insect population. By relating environmental conditions 
with population changes it may be possible to develop methods for pre­
dicting potential outbreaks and thereby lessen insect damage and yield 
losses. 
Seasonal variation in corn borer populations have occurred since 
the insect was first introduced into the United States. Most of the 
open-pollinated varieties of dent corn grown in the United States prior 
to the widespread use of hybrids were quite susceptible to the corn borer. 
Many commercial hybrids grown at the present time are somewhat more tol­
erant or resistant to the borer and as a result borer infestations are 
2 
usually not as great today as in the past. However, the European corn 
borer is still the most important insect pest of corn in Iowa. Heavy 
infestations occurred in 1949, 1953» 1954, and 1957 which resulted in 
considerable losses in yield to the farmers of Iowa. In order to deter­
mine causes of these outbreaks, the U. S. Department of Agriculture in 
cooperation with the Iowa Agricultural and Home Economics Experiment 
Station conducted an ecological investigation of the European corn borer 
in Boone County, Iowa over a 10-year period, from 1950 through 1959- In 
this study, the seasonal and annual populations of the European corn 
borer as they occurred under field conditions in central Iowa, were 
recorded. The various environmental conditions that influenced the corn 
borer population within this study area were then evaluated. The results 
of this evaluation are presented in the following pages. 
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REVIEW OF LITERATURE 
Corn Borer Distribution 
The known distribution of the European corn borer in the United 
States at the close of 1959 was reviewed in the Cooperative Economic 
Insect Report (i960). Infestations were reported in 39 of the 50 
states in 1959« The infested area extended from the eastern seaboard 
westward to the eastern portions of Montana, Wyoming, Colorado, 
Oklahoma, and one county in Texas, and southward to include the states 
bordering the Gulf of Mexico with the exception of Florida. 
The European corn borer was first reported in the United States by 
Vinal (1917). The exact date of entry into the United States is unknown, 
although Vinal speculated that the pest was imported about 1910 in ship­
ments of either broomcorn or raw hemp from central Europe. Caffrey and 
Worthley (1927) reported on the discovery of a second infestation in 
1919» in the western part of New York state, along the southern shore of 
Lake Erie. The borer spread slowly into the central Corn Belt and was 
first found in Iowa in several eastern counties in 1942 (Harris and 
Brindley 1942). Once in Iowa, the borer spread rapidly across the state. 
It was first reported in Boone County (in central Iowa) in 1944 by Drake 
et al. (1945); by 1947 the borer had been reported in every county in 
Iowa (Harris 1948). 
Biology of the Corn Borer 
The first account of the biology and life history of the corn borer 
in the United States was given by Vinal and Caffrey (1918). This study 
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was carried on in Massachusetts where the two-generation strain of borer 
was present. Huber et al. (1928) described the biology of the borer in 
the one-generation area of Ohio. Goleman (1954) and Weekman (1957) 
reported on the life history in Iowa. The insect overwinters as a 
mature larva within the surface plant debris of the previous growing 
season. First brood pupation begins about the middle of May and is 
usually completed by early June. Moth emergence begins during the latter 
part of May and continues throughout the first 3 weeks of June. First 
brood egg masses are usually deposited on the under surface of the leaves 
of corn plants. The first brood oviposition period begins in early to 
mid-June and continues until the first part of July. 
The newly-hatched larvae wander about the plant for a time before 
feeding. Batchelder (1949) found most of the first and second instar 
larvae in the moist area in the whorl. Bell (1956) reported that the 
first feeding occurred principally on the bu 11iform cells of the upper 
epidermis of the corn leaf. Third instar larvae feed upon the leaves 
within the whorl and begin to tunnel in the midrib, collar, and sheath. 
If the tassel is emerging, the larvae may feed upon the inflorescence. 
Fourth and fifth instar larvae are mainly "borers," and tunnel into the 
stalk. 
First brood larvae mature the middle of July to early August. 
Weekman (1957) reported from 9 to 88 percent pupation of first brood 
larvae in Boone County, Iowa. Second brood oviposi tion begins in late 
July or early August and continues until early September. Second brood 
egg masses are usually laid in the vicinity of the ear, but may be found 
on the stalk, on the leaves, or on the ear husks. 
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Feeding habits of second brood larvae were investigated by Cox 
(1955)• First and second instar larvae feed mainly upon pollen accumula­
tions in the leaf axils. Third instar larvae occur behind the leaf 
sheaths, in the midribs, stalk, and ear. Fourth and fifth instar larvae 
tunnel into the stalk and behind the leaf sheaths. 
With the approach of cool weather in the fall, mature larvae may con­
struct a flimsy silk-lined chamber in the stalk or behind a leaf sheath. 
Often an exit hole is made in the stalk and capped with silk. Only larvae 
which are mature at the time of the first killing frost will survive the 
winter. 
Effect of Environmental Conditions Upon the Corn Borer 
European corn borer moths are affected by a variety of environmental 
conditions. Stirrett (1938) showed that optimum moth flight occurs at * 
temperatures between 65° and 70° F. with a minimum temperature of 56° F. 
required for flight. According to Huber (1941), however, moths are 
inactive when the temperature is below 60° F. Stirrett (1938) showed 
that most moth flight occurs from one-half hour before sunset to 3t hours 
after sunset. Huber et al. (1928) relate that relatively strong winds 
cause the moths to seek shelter on corn or other nearby plants. 
Moisture and relative humidity have a marked effect upon corn borer 
moths. Bottger and Kent (1931), Huber et_ a\_. (1928), and Stirrett (1938) 
observed that high temperatures and high humidity are favorable to the 
moths. Barber (1925b) and Caesar (1926) found that moths live longest 
under cool, moist conditions. Vance (1949) showed that moths require 
free water to drink. 
Stirrett et al. (1934) observed that peak moth flight and peak 
oviposition occur at approximately the same time, but that oviposi tion 
falls off more rapidly than does moth flight. Vance (1949), working 
under laboratory conditions, obtained an optimum temperature for ovi­
posi tion at 85° F. and an optimum relative humidity of 96 percent. 
Large temperature fluctuations had no effect upon oviposi tion; moths 
ceased laying eggs at low temperatures, but resumed oviposi tion when the 
temperature was raised. About 90 percent of all eggs were laid during 
the first 10 days of the life of a moth; infertile eggs common 1 y 
appeared late in the life of a moth. Bottger and Kent (1931) observed 
the greatest number of eggs in the field when the evening temperatures 
were between 75° and 80° F. Barber (1925b) showed that a marked decrease 
in oviposition occurs when night temperatures drop below 60° F. Accord­
ing to Ficht (1936), light gentle rains are favorable for oviposi tion. 
Everett et al. (1958) found that in Iowa light first brood oviposition 
will occur when June temperatures and/or rainfall are deficient, and 
that second brood oviposition is inversely proportional with mean August 
temperatures. 
Tauber and Bruce (1945) obtained optimum conditions for the estab­
lishment of corn borer larvae at a temperature between 70° and 90° F. 
and a relative humidity of over 80 percent. Barber (1929) showed expos­
ure for 5 minutes at 68° C. kills fifth instar larvae. Stirrett (1930) 
observed that the highest minimum temperature that kills exposed larvae 
under field conditions was -32° F. Huber (1941) reported drought to be 
unfavorable to overwintering larvae. Barber (1924) believed that no 
single factor was responsible for winter mortality but that severity of 
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the winter,, based on minimum temperatures, seemed to be the greatest 
single factor. 
Huber et al. (1928) observed that corn borer pupae are little 
affected by biotic factors. Babcock (1927) showed that desiccation 
retards pupation. Huber (1941) observed a high pupal mortality under 
conditions of low humidity and high temperatures. 
Effect of Cultural Practices Upon the Corn Borer 
A positive correlation between date of planting and first brood 
borer populations was found in Iowa by Everett et aj_. (1958), Goleman 
(1954) and Weekman (1957). Hibbs (1953) suggested that the frequency 
distribution of planting dates may.have an affect on the dynamics of 
corn borer populations. Weekman (1956) showed no relation between 
planting methods and borer populations. 
Bigger and Petty (1953) showed that mechanical corn pickers kill 
about 36 percent of the corn borer larvae present in the fall, discing 
and oat seeding in the spring killed 69 percent of the remaining borers, 
while 96 percent were killed by plowing. 
Chiang et al. (ça. 1961) studied the effects of cultural practices 
upon the corn borer in the north central United States. The areas of 
heaviest borer populations generally coincided with an area mapped by 
Weaver (1954) that had a predominantly corn-oats-corn crop combination 
in 1949. 
Relation of the Corn Plant to the Corn Borer 
The influence of the height of corn plants upon oviposition by corn 
borer moths has received considerable attention. Ficht (1930» Neiswander 
and Huber (1929), and Patch (1942), working with the univoltine strain of 
the corn borer, obtained a positive correlation between plant height and 
numbers of eggs laid. In Iowa, Goleman (1954) and Weekman (1957) obtained 
a positive correlation between plant height and oviposition by first 
brood moths of the bivol tine strain. All of the above investigators 
assumed that the relationship between plant height and oviposition was 
linear. However, Everly (1959) showed that the true relationship between 
plant height and numbers of eggs laid by corn borer moths was actually 
curvi1înear. 
Working with the univoltine strain, Polivka and Huber (1930 obtained 
a higher larval survival on early than late planted corn. Kelsheimer and 
Polivka (1931). obtained a significant correlation between larval survival 
and the development of the corn plant. Huber (1941) obtained the highest 
larval survival on early maturing corn. 
Caesar (1925) reported that all but 12.9 percent of larval mortality 
occurs when the larvae are in the first instar. Neiswander and Huber 
(1929) observed that the greatest mortality occurs at the time of estab­
lishment or when the young larvae first begin to feed. Painter and Ficht 
(1925) observed that larval mortality was often due to the larvae being 
pinched by the unfolding leaves of the corn plant. Polivka and Huber 
(1931) showed that larval survival was inversely proportional to total 
eggs laid. Luckmann and Decker (1952) state that significant survival 
begins when the tassel bud ratio is between 15 and 20, and that survival 
is highest on corn that will show tassels in 1 to 3 days. 
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Natural Enemies of the Corn Borer 
Thompson and Parker (1928), in studying the corn borer in Europe, 
concluded that control was not due to natural enemies but to a complex 
of environmental factors. Babcock and Vance (1929) found that parasites 
of the corn borer were widely distributed in Europe and gave good con­
trol in a few local areas. Clark (1934) investigated parasités in the 
Orient and concluded that no single parasite controls the corn borer, 
but rather a combination of several parasites. 
Considerable effort was therefore made to control the corn borer in 
the United States through the importation and release of exotic species 
of parasites. This work from the period 1919-40 was reviewed by Baker 
et^ aj_. (1949). B1 ickenstaff et aj_. (1953) summarized the status of par­
asites of the corn borer in Iowa. Two species of exotic parasites, 
Lydella grisescens R.D. and Sympiesis viridula (Thorns.) were recovered in 
Boone County although these parasites were not actually released there. 
According to Froeschner (1950) the larvae of a green lacewing, 
Chrysopa plorabunda (Fitch), a small flower bug, Orius insidiosus (Say), 
and two species of lady beetles, Ceratomegi11a fuscilabris (Muls.) and 
Hippodamia tredecimpunctata tibial is (Say) (as H. tibial is) are important 
as predators of corn borer eggs in Iowa. Baker et aj_. ( 1949) reported 
that predators had destroyed 17.8 percent of all corn borer eggs laid 
near Toledo, Ohio in 1938 and 11.0 percent in 1939. Ceratomegi1 la 
fuse!labris (Muls.) was responsible for the destruction of 50 percent of 
the eggs destroyed. Hippodamia convergens Guer. and 11. tredecimpunctata 
tibialis (Say) were found to attack eggs during the latter part of the 
oviposition period. 
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Little information is available on the influence of insect predators 
on corn borer larvae, although Chiang and Holdaway (1955) presented evi­
dence to show that some reduction does occur due to prédation. 
Barber (1925a) reported starlings and blackbirds feeding upon over­
wintering larvae in New England. Most of the feeding was observed in 
heavily Infested fields and In general was of minor Importance. Barber 
(1926) found that birds will feed upon corn borer moths, pupae, and lar­
vae. Mice were also observed feeding on overwintering larvae in corn 
stalks. 
Zimmack et al. (1954) reported corn borer larvae infected by the 
protozoan Perezia pyraustae Pail lot in Illinois, Iowa, Michigan, Minnesota, 
Ohio, South Dakota, and Wisconsin. Infected larvae showed a slower 
growth rate and a lower percentage of survival than did healthy larvae. 
Zimmack (1956), working under laboratory conditions, showed that the 
organism' is egg transmitted and that diseased moths lay fewer eggs than 
do healthy moths. Raun et al. (1959) examined 286 abnormal field col­
lected corn borer larvae. pyraustae was isolated from 62 percent of 
these larvae and unidentified bacteria were present in 31 percent of 
these larvae. Only 9-5 percent had no microorganisms present. 
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EXPERIMENTAL PROCEDURE 
General Description of the Study Area 
Boone County is located in central Iowa, almost in the center of 
the state. It lies entirely within the Wisconsin drift soil area, and 
hence its soils are all of glacial origin. According to the Soil Sur­
vey Report No. 34 of the Iowa Agricultural Experiment Station, the soils 
of Boone County can be arranged in three groups, drift soils, terrace 
soils, and swamp and bottom land soils. Drift soils, which cover 93-3 
percent of the total area, were formed in the prairie areas and are 
characterized by a black color, the result of an accumulation of organic 
material. Terrace soils and swamp and bottom land soils have been 
deposited by streams and are found mainly in the valley of the Des Moines 
River and along Beaver Creek. 
The topography of the greater part of Boone County is level to 
gently rolling. Flat, poorly drained areas with small moraines rising 
occasionally in them are common in some areas. The largest stream is 
the Des Moines River, which flows from north to south through a deep, 
narrow valley, almost through the middle of the county. The topography 
on both sides of the river is rough and broken with steep bluffs extend­
ing from 1 to 3 miles back from the river. The river valley itself is 
from 130 to 250 feet below the level of the prairie upland. 
The surface drainage in Boone County is generally rather poor, 
except in areas adjacent to the Des Moines River, Squaw Creek, and 
Beaver Creek. In a few areas peat and muck have been formed under con­
ditions of insufficient drainage. In many areas tiling is necessary to 
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make the soils satisfactorily productive. 
Location of the Fields-
In 1950 this investigation was conducted over an area of 1,018 square 
miles contained within a circle about the center of Boone County. The 
observation fields were located on a series of six circles each with its 
center in the center of the county and having radii of 3» 6, 9» 12, 15» 
and 18 miles. The outer circle extended to a maximum of 6 miles beyond 
the Boone County line and included fields located in Dallas, Greene, 
Hamilton, Polk, Story, and Webster counties. These circles were divided 
into 2.35 mile sections and an observation field located nearest the 
center of each on an intersecting road. A total of 168 fields were 
located in this manner, and eight additional fields were located within 
the smallest circle, making a total of 176 fields. The only restriction 
placed on this method was that a field must be accessible from an all-
weather road. In 1951 the number of circles was reduced to four, all 
within the boundary of Boone County. The observation fields were located 
in the same manner as in 1950. This procedure reduced the number of 
fields to 88. This method was followed through the 1953 season. 
In 1954 the survey design was again modified. Two fields in dif­
ferent sections were located at random within each of 16 equal 36-square-
mile areas within the county, making a total of 32 fields. Boone County 
is divided into 17 townships, one of the 16 equal areas being divided 
into two townships. The plan adopted in 1954 was followed through the 
1959 season. Figure 1 shows the approximate location and arrangement of 
the fields from 1954 through 1959. It was not always possible to use the 
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Figure 1. Location and arrangement of observation fields, Boone 
County, Iowa, 1954-59 
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same fields in successive years, due to crop rotations. 
Field Histories 
Each farm operator was contacted in advance of regular farm opera­
tions and when possible the following information was obtained for each 
field: Date of planting, corn hybrid, previous year's crop, type and 
amount of fertilizer applied, size of field, and method and rate of 
planting. 
Sampling of Overwintering Populations 
The overwintering population was sampled in all years from 1950 
through 1959- This was done in late April or early May. The sampling 
method for the period of 1950 through 1953 involved the taking of two 
samples, each 1/1000 acre, in each of 44 fields. These fields were not 
surveyed until they had been disced and planted to oats, or plowed and 
planted to corn or some other crop. In fields that had been seeded to 
oats, the stalks remained on the ground, and as a result, the highest 
borer populations were found in oat fields. Because moths of the first 
brood would be largely composed of individuals that had overwintered and 
survived in oat fields, the sampling procedure was changed in 1954 to 
include only fields that had been seeded to oats. In each pat field sur­
veyed , three samples, each 1/2000 acre in size were taken. From 1954 
through 1959, 32 fields were sampled in this manner. If a field had not 
been seeded to oats, a field nearby was substituted. 
In 1957-59 two additional surveys were made of overwintering borer 
populations. A survey of all fields sampled the previous year was made 
in late March. At this time little field work had begun and the crop 
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residue was largely undisturbed. A post-harvest survey was made in 
November of 1954-55, 1957-59, after the corn had been harvested. This 
survey was made in order to determine larval mortality due to harvesting 
operations, and to obtain an estimate of the initial overwintering pop­
ulation. Winter mortality could then be estimated by comparing these 
results with those obtained the following March. 
Sampling of First and Second Brood Populations 
Prior to the beginning of the first brood oviposi tion period, an 
entrance to each field was selected near the middle of its most accessible 
side and marked by hanging a red and yellow aluminum tag on the fence so 
as to make it easily visible from the road. Two sampling sites, A and B, 
were selected in each field. As shown in Figure 2, the center of site A 
was located 45 hills or paces into the field from the entrance. The 
center of site B v/as located 30 units further into the field and 50 to 
the left of site A. It was necessary to alter this scheme in a few cases 
due to the irregularity of the fields being used. Two samples of five 
plants each were selected through the center of each site. The plants 
within sites were located with white garden stakes and numbered from 1 
to 5, and 6 to 10, inclusive at site A. The plants at site B were 
arranged and numbered from 11 to 15 and 16 to 20, inclusive (Figure 3)-
All plants were examined twice weekly, and the following information 
recorded for each plant: (1) Oviposi tion, the marking of all egg masses, 
number of eggs in each mass, their stage of development, and determina­
tion of their fate, (2) extended leaf height, (3) larval leaf feeding, 
and (4) predator counts and the various stages of each. 
Figure 2. Procedure followed in locating sites within each 
field 
Figure 3« Procedure followed in locating plants within sites for 
check and drilled corn 
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When the majority of the first brood larvae were mature, plants 1 
through 5> and 11 through 15 were dissected to determine larval survival 
and the level of infestation of the first brood. Plants 6 through 10, 
and 16 through 20 remained in each field during the period of second 
brood activity. During this period, oviposi tion observations and preda­
tor counts were made. These plants were then dissected in the fall to 
determine second brood and the total seasonal infestation. 
Pupation and moth emergence records were kept throughout both the 
first and second brood periods. First brood pupation and moth emergence 
were determined by observing live borer forms twice weekly in two oat 
fields. Pupation and emergence records were obtained from two heavily 
infested fields in a similar manner for the second brood. 
Moth flight records were secured from light traps operated near 
Ames, Iowa, throughout the periods of moth flight. 
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RESULTS AND DISCUSSION 
Agronomic Practices 
Farming procedures in Boone County changed somewhat during the 
period 1950-59- Fertilizers (Table 1) were more widely used toward the 
end of this 10-year period, especially N-P-K combinations. This increased 
use in fertilizers may have been the result of a change in the crop rota­
tion systems (Table 2). The soils of Boone County are very fertile and 
Table 1. Summary of fertilizer treatments in observation fields, Boone 
County, Iowa, 1950-59 
Percent of fields 
N-P-K Total 
Year combinations Nitrogen Manure None fields 
1950 9-6 0.5 13-1 76.8 176 
1951 11.4 0 18.2 70.4 88 
1952 14.5 3.5 12.5 69.2 88 
1953 19-3 4.5 26.1 50.1 88 
1954 43-7 3-1 9-3 43.9 32 
1955 31-2 0 12.5 56.3 32 
1956 21.9 0 15-6 62.5 32 
1957 9.3 3-1 18.8 68.8 32 
1958 18.8 3-1 25.0 " 53.1 32 
. 1959 28.2 6.2 18.8 46.8 32 
as a result farmers do not need to fertilize their fields heavily. Corn 
following a leguminous crop was seldom fertilized but fertilizer was com­
monly used in rotations when corn followed corn. There has been a grad­
ual shift in rotations to one involving continuous corn in central Iowa, 
which may explain the increased use of fertilizer. This shift caused a 
reduction in the number of acres on a corn-oats-corn rotation. This may 
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Table 2. Summary of previous year's crop, in observation fields, Boone 
County, Iowa 1950-59 
Percent of fields Total 
Year Corn Legumes Soybeans Oats Sod Sorghum fields 
1950 30.1 11.9 18.2 34.1 5.7 0 176. 
1951 31.8 22.7 18.2 26.1 1.1 0 88 
1952 39-8 18.2 12.5 26.1 3.4 0 88 
1953 38.6 19.3 21.6 15.9 3-4 0 88 
1954 25-0 59.4 9.4 0 6.3 0 32 
1955 40.6 34.3 12.5 3-1 9.4 0 32 
1956 50.0 28.1 12.5 6.3 3.1 0 32 
1957 37.5 12.5 21.8 18.8 6.3 3.1 32 
1958 40.5 25.1 9.4 15.6 9.4 0 32 
1959 43-7 31.3 15.6 9.4 0 0 32 
have a decided influence upon the corn borer. Fields seeded to oats are 
disced and the stalks remain on the surface of the ground. Oat fields 
provide an ideal environment for pupating larvae. As mentioned prev­
iously, the highest borer populations in the United States were usually 
found in an area characterized by a corn-oats-corn rotation system. 
As shown in Table 3, planting methods changed considerably during 
the 10-year period. In 1950 the majority of the fields were wire checked 
but by 1959 most fields were power checked. Wire checked corn is planted 
in 40-inch rows, with three or four plants per hill, spaced every 40 
inches. Power checked corn is planted in 40-inch rows, with two or three 
plants per hill, spaced every 20 to 40 inches. However, no effect of this 
practice upon the corn borer population is apparent in the data available. 
Corn planting in Boone County is generally done in May with a con­
centration of planting activity during the first half of the month. The 
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Table 3- Summary of planting methods in observation fields, Boone 
County, Iowa, 1950-59 
Percent of fields Total 
Year Power checked Wi re checked Drilled fields 
1950 6.8 87.0 6.2 176 
1951 9.1 81.8 9.1 88 
1952 11.4 81.8 6.8 88 
1953 26.1 68.2 5.7 88 
1954 43.7 53-2 3.1 32 
1955 25.0 68.7 6.3 32 
1956 40.6 53.1 6.3 32 
1957 56.2 37-5 6.3 32 
1958 68.7 28.1 3.2 32 
1959 81.2 12.5 6.3 32 
influence of dates of planting upon the corn borer will be discussed in 
detail later. Table 4 summarizes planting dates of corn in Boone County 
from 1950 through 1959. 
Table 4. Summary of corn planting dates in observation fields, Boone 
County, Iowa, 1950-59 
Percent of fields 
Apr! 1 . May May May June June 
Year 25-30 1-10 11-20 21-31 1 -10 11-21 
1950 0 2-3 82.6 13.4 1.7 0 
1951 1.1 2.2 68.3 28.4 0 0 
1952 1.1 51.2 44.3 3-4 0 0 
1953 0 35.3 55.7 9.0 0 0 
1954 0 59.4 40.6 0 0 0 
1955 3.1 37.4 59.5 0 0 0 
1956 0 43-7 56.3 0 0 0 
1957 0 • 65.7 6.2 28.1 0 0 
1958 0 59-5 37.4 0 0 3.1 
1959 0 31.2 50.0 9.4 9.4 0 
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No attempt has been made to list the corn hybrids grown in the 
fields surveyed. These hybrids are well adapted to the climatic condi­
tions of central Iowa and are genotypically similar. They tend to be 
borer susceptible but no definite conclusions can be drawn without 
knowledge of the pedigrees involved. 
Overwintering Populations 
The size of the overwintering corn borer populations was estimated 
for two purposes : To estimate the population reduction that occurred 
during the winter months, and to obtain an estimate of the potential 
seasonal corn borer infestation. The results of the various surveys 
of the overwintering borer populations are given in Table 5- Table 6 
shows the percent reduction in populations between the various sampling 
periods. • 
The population in September, before the corn had been picked, was 
sampled on the basis of the number of larvae per plant. In order to 
make these data comparable to those obtained from subsequent surveys of 
overwintering borers, numbers of larvae per plant were converted to 
larvae per acre, assuming an average plant population of 12,000 plants 
per acre. The November survey was made after the corn had been harvested. 
The population in March consisted of larvae that had survived the effects 
of mechanical corn harvesting as well as the effects of winter weather. 
The population in May was estimated on the basis of larval populations 
found in corn stover in oat fields only. This is the surviving second 
brood larval population that constitutes the principal source of first 
brood moths. 
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Table 5- Overwintering corn borer populations, Boone County, Iowa, 
1950-59 
Larvae per acre 
Winter of September November March May 
1949-50 79,080* 10,733^ 
1950-51 13,200 1,940? 
1951-52 8,796 521 
1952-53 14,328 1,854b 
1953-54 32,088 6,240c 
1954-55 66,864 23,896 14,354c 
1955-56 18,372 10,895. 840c 
1956-57 21,444 6,840 3,oooc 
1957-58 24,828 10,375 6,854 7,937= 
1958-59 15,408 . 1,958 1,979 987e 
1959-60 1 ,200 500 
^Calculated from data given by Beck (1950). 
^Average population of oat fields only. 
CA11 fields sampled were oat fields. 
The population reduction due to discing and oat seeding operations 
may be estimated by comparing the March populations with those of May. In 
1957 and 1959 the May populations were approximately half those of March. 
In 1958 no apparent reduction occurred. This was because a number of 
fields used in the March survey were not planted to oats and the fields 
substituted had high borer populations. 
An analysis of the data showed a close relationship between the -
larval population in May and that of the previous September. When these 
data were plotted and a regression line fitted, the relationship appeared 
2 to be linear. Table 7 gives the regression equation, the value R x 100 
percent, and the t value of the regression coefficient. The regression 
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Table 6. Population reductions between various sampling periods of 
the overwintering corn borer population, Boone County, Iowa, 
1950-59 
Percent reduction 
September to September September November Ma rch 
Winter of November to March to May to March to May 
1949-50 86.63 
1950-51 85.3 
1951-52 94.1 
1952-53 87.1 
1953-54 80.6 
1954-55 64.5 78.5 
1955-56 40.7 95.5 
1956-57 67.8 86.0 56.4 
1957-58 58.2 .72.4 68.0 33-9 0 
1958-59 87.3 87.1 93-6 0 49.4 
1959-60 58.3 
^Calculated from September population in 1949 from data given by 
Beck (1950). 
Table 1. Relationship between larval populations in September and those 
the following May 
X variable Y variable 
R2 x 100 
percent 
Reg ress ion 
equation 
t value of 
regression 
coeffici enta 
Thousands Thousands 
of borers of borers 
per acre per acre, 
5.742** September May 81.4 Y = -.439 -r .178% 
a ** = Significant at the 1 percent level. 
line is shown in Figure 4. 
The value R^ x 100 percent estimates the percent variation in the 
May population that is accounted for by the size of September population. 
It is apparent from this figure (81.4 percent) that the environmental 
conditions between September and May had little affect upon the borer 
population in Boone County from 1950 through 1959- Winters during this 
period ranged from relatively mild, open winters to very severe winters 
with frequent sub-zero temperatures and heavy snows. Had the environ­
mental conditions existing throughout the winter months greatly affected 
the overwintering population, considerable variation would have occurred 
in the percent reduction in population from September to May, and the 
regression coefficient probably would have been non-significant. 
General Description of the Weather Conditions in Boone County 
The monthly mean temperatures, total rainfall, and the deviations 
from the long-term normals are presented in Table 8. These figures are 
the official weather records from Boone, Iowa, which is located approxi­
mately in the center of Boone County. The general weather conditions 
during the growing seasons from 1950 through 1959 may be summarized as 
follows: 
1950 May The month was wet and somewhat cool on the 
average. The cool wet conditions the first 
half of the month retarded corn planting. 
June The month was cool and wet. Corn maturity 
was delayed due to cool weather. 
July Cool weather continued throughout July. 
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Figure 4. Relationship between borers per acre in September and borers per acre the 
following May, Boone County, Iowa, 1950-59 
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Corn maturity was 10 days to 2 weeks late. 
August The month was quite cool and dry. 
1951 May Temperatures were slightly above normal with 
normal rainfall. 
June This month was characterized by cool weather 
and frequent severe thunderstorms. 
July The cool wet trend of the previous month 
continued into the first 3 weeks of July; 
the last week was dry with seasonal temperatures. 
August This month began warm and dry and ended hot and 
humid. However, most of the month was cool and 
wet. 
1952 May The first 6 days were unusually warm; the 
remainder of the month was consistently cool, 
with temperatures near or below normal. Precipi­
tation was slightly above normal. 
June The month was warm and wet. This weather was very 
favorable to the corn crop. 
July The month was close to normal in both temperature 
and precipitation. 
August The month was mostly cool and deficient in 
rainfall. 
1953 May This month was near normal in temperature and 
deficient in rainfall. 
June .The month was warm and wet. These conditions 
were favorable to the corn crop. 
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July The month was near normal in both temperature 
and rainfall. 
August The month was cool except for the last 9 days 
which were hot. Precipitation was deficient. 
1954 May The month was cold, especially the first 12 
days. Precipitation was somewhat above normal. 
June The first week was cool but the remainder of the 
month was hot. Rainfall was above normal. 
July The month was hot with a deficiency in precipita­
tion. 
August Temperatures were near normal. Rainfall was fre­
quent and heavy during the last half of the month. 
1955 May The month was sunny and warm with near normal 
rainfal1. 
June The month was cool and dry. 
July This was the third warmest July since records were 
begun in 1873 and the fourth warmest of all months. 
Rainfall was slightly above normal. 
August This month was very hot and was the fifth warmest 
August on record. Rainfall was below normal. 
1956 May The month was warm with sufficient rainfall. 
June This was one of the hottest and driest Junes on 
record. 
July The month was relatively cool and dry. Corn growth 
was retarded due to dry conditions. 
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August Both temperatures and rainfall were near normal. 
1957 May The month was cool and cloudy, with frequent ; 
light showers. 
June Temperatures were slightly below normal. Showers 
and heavy thunderstorms were frequent. 
July Weather during July was favorable to corn develop­
ment. Both temperatures and rainfall were slightly 
above normal. 
August Temperatures were near normal, rainfall was slightly 
deficient. 
1958 May The month was warm and unusually dry. 
June Temperatures were quite cool ; thunderstorms were 
frequent. 
July Temperatures were unusually cool ; rainfall was heavy. 
August The month was dry with somewhat below normal 
temperatures. 
1959 May The month was warm and wet. 
June This month was outstanding for its lack of rainfall 
until the last few days of the month; no measurable 
rainfall was recorded until the 27th. Temperatures 
were near normal. 
July Both temperatures and rainfall were below normal. 
August Temperatures during the first half of the month 
were seasonal. The last half of the month was quite 
warm. Rainfall was deficient. 
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Table 8. .Weather cond it ions in Boone County, Iowa during the g row ing 
season, 1950-
-59 
Mean temperature, F° Total 1 rainfall, inches 
Year May June July August May June July August 
1950 60.6 69.6 71-9 bti.9 7.48 5.59 1.95 0.95 
1951 63.4 66.2 73-4 71.6 4.05 8.04 4.29 5.13 
1952 60.3 75.9 76.2 70.5 3-33 6.13 3.80 3.63 
1953 61.3 74.0 76.0 74.3 2.37 6.11 3.87 1.66 
1954 56.5 74.2 78.3 72.8 5.87 6.27 1.28 13.35 
1955 64.6 67.9 80.7 77.9 4.44 1.91 5.59 0.93 
1956 62.8 74.5 73.4 73.0 5.19 2.51 1.63 3.92 
1957 60.0 69.5 77.9 73.2 3.63 8.71 5.68 1.64 
1958 63.O 66.0 70.2 72.4 1.55 6.79 10.78 0.44 
1959 63.I 71.9 72.6 76.3 8.69 3.21 1.48 2.83 
Deviations from normal 
Temperature Ra i nfal1 
1950 -1.0 -1.6 -4.7 -4.8 3.36 0.22 -1.78 -3.11 
195! 1.2 -5.0 -3.2 -2.1 -0.07 2.67 0.56 1.07 
1952 -0.9 4.7 -0.4 -3.2 -0.79 0.76 0.07 -0.43 
1953 0.1 2.8 -0.6 0.6 -1.75 0.74 0.14 -2.40 
1954 -4.7 3.0 1.7 -0.9 1.75 0.90 -2.45 9.29 
1955 3-4 -3-3 4.1 4.2 0.44 -3-46 1.86 -3.I3 
1956 1.6 3-3 -3.2 -0.7 1.07 -2.51 -2.10 -0.14 
1957 -1.2 -1.7 • 1.3 -0.5 -0.49 3.34 0.31 -2.42 
1953 1.7 -5.2 -6.4 -1.3 -2.57 1.42 7.05 -3.62 
1959 1.9 0.7 -4.0 2.6 4.57 -2.16 -2.25 -1.23 
First Brood Pupation and Moth Emergence 
First brood pupation and moth emergence were determined by making 
regular observations throughout the period of borer development in oat 
fields having high borer populations. The dates and duration of the 
pupation and emergence periods are given in Table 9. 
Years in which the date of first pupation was early were years in 
which spring temperatures were warm. It is readily seen by comparing 
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Tables 8 and 9 that the longer periods of borer development generally 
occurred in years when spring and early summer temperatures were low, 
and that the shortest periods usually occurred in years when tempera­
tures ware highest. However, exceptions did occur. In 1952 the pupa­
tion and emergence periods were long despite v/arm temperatures, while 
in 1958 these periods were short despite cool temperatures. 
The onset of pupation and moth emergence was delayed in years that 
spring temperatures were below normal. Conversely, early pupation and 
emergence occurred in years in which spring temperatures were above 
normal. 
Table 9- First brood pupation and moth emergence, Boone County, Iowa, 
1950-59 
Pupation Emergence 
Year Beginning Completion Days Beginning Completion Days 
1950 May 13 June 23 36 June 1 July 5 34 
1951 May 17 June 18 32 May 28 July 5 38 
1952 May 8 June 16 39 June 6 July 3 27 
1953 May 19 June 12 24 June 5 June 23 18 
1954 May 12 - - - - -
1955 Apr i 1 29 June 2 34 May 1 7 June 9 23 
1956 May 15 June 11 27 June 7 June 19 12 
1957 May 10 June 4 25 June 4 June 28 24 
1958 May 12 May 29 17 May 26 June 19 24 
1959 May 13 June 5 23 June 2 June 19 17 
Average May 12 June 10 30 June 1 June 24 24 
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First'Brood Moth Flight 
First brood moth flight records ware obtained from several light 
traps. These traps were operated at the Plant Introduction Station, 
and at the Iowa State University Agricultural Engineering Farm, which 
are located in Story County, Iowa, about 2 miles east of the Boone 
County line. The daily collections show the duration and intensity of 
moth flight throughout the season. Because the number of traps used 
each year was not the same, results were computed on the basis of the 
average number of moths per trap rather than total moths. The seasonal 
moth flight records, grouped by 7-day periods, are presented in Table 
10. These data are depicted graphically in Figure 5-
The length of the moth flight period appeared to be related to 
mean June temperatures. Prolonged activity of first brood moths occurred 
in 1950, 1951, 1955, and 1958, when June temperatures were below normal. 
The period of activity in 1952, 1953, 1954, and 1956 was considerably 
shorter, when June temperatures were higher. A brief period of activity 
occurred in l959. June of 1959 was very dry; no measurable precipita­
tion was reported in Boone County during the first 26 days of the month. 
The moth flight data shown in Figure 5 are generally symetrical, 
with the peak collection usually occurring just prior to the middle of 
the moth flight period. The data for 1955 and 1958 clearly show the 
results of cool weather at the time that peak moth flight would normally 
occur. Moth flight was interrupted but resumed when temperatures warmed. 
In 1955 flight was reduced when conditions were windy as well as cool. 
Table 10. Average numbers of first brood moths per trap, Plant Introduction Station and Iowa 
State University Agricultural Engineering Farm, Ames, Iowa, 1950-59 
1 
May 
2 3 4 
Col lection period 
5 6 7 
June 
8 9 
July 
10 
Average Number 
Year 17-24 25-31 1-7 8-14 15-21 22-28 29-5 6-12 13-19 20-26 per trap of traps 
1950 0 0 0 290 575 718 177 70 5 1 1836 3 
1951 0 1 1 104 178 98 10 24 10 1 427 4 
1952 0 0 41 78 28 15 1 0 0 0 164 4 
1953 0 0 5 82 100 35 18 2 0 0 242 6 
1954 0 0 3 134 389 174 55 2 0 0 755 6 
1955 90 24 655 40 310 57 9 0 0 0 1186 4 
1956 0 0 125 171 54 21 4 0 0 0 375 4 
1957 0 0 7 220 136 66 48 6 0 0 485 ' 4 
1958 0 307 55 500 215 19 21 4 1 0 1123 4 
1959 0 1 82 224 83 10 1 0 0 0 400 4 
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First Brood Ovipos i tion 
Egg deposition was sampled by a twice-weekly examination of 20 
corn plants in each field during the ovipos i tion period of the first 
brood. The data are grouped by 7-day periods in Table 11, and are 
presented graphically in Figure 6. 
Table 11. Number of first brood egg masses per 100 plants, Boone 
County, Iowa, 1950-59 
Oviposit ion period 
1 2 3 4 5 6 7 8 
June July 
Year 1-7 8-14 15-21 22-28 29-5 6-12 13-19 20-26 Total 
1950 0 0.4 16.0 182.8 85.0 39.7 8.8 0 332.7 
1951 0 0.5 2.4 5-7 5.9 5.4 1.4 0. I 21.4 
1952 0 0.1 6.6 1.4 0.3 0. l 0 0 8.5 
1953 0 1.1 16.6 13.7 4.2 1.0 0 0 36.6 
1954 0 0. 1 35-3 99.2 21.4 1.4 0 0 157.4 
1955 6.9 0.5 13.0 13.4 3.1 0 0 0 36.9 
1956 0 10.6 30.3 4.5 0.3 0 0 0 45.7 
1957 0 . 2.3 34.0 26.7 12.6 0.6 0 0 76.2 
1958 3.3 53.7 35-1 9.7 1.7 0.8 0 0 109.3 
1959 0 4.5 2.8 1.6 0 0 0 0 8.9 
The amount of first brood oviposit ion was somev/hat related to the 
size of the overwintering population. The correlation coefficient 
between numbers of larvae per acre in May and the average number of egg 
masses per 100 plants was .537 with 8 degrees of freedom. This coef­
ficient is significant at the 10 percent level. Thus the size of the 
overwintering population has an influence on the amount of egg deposition. 
However, other prevailing factors are also involved and may be as 
important. 
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intervals, 
By comparing the size of the overwintering population (Table 5) 
with the amount of First brood egg deposition (Table 11), it is evident 
that the average egg production per female moth varied considerably from 
year to year in Boone County. This variation is an important factor in 
understanding the causes of population fluctuations of the corn borer 
and may be due to a variety of factors including weather conditions or 
incidence of disease. 
The number of eggs deposited appeared to depend largely on two 
factors, the size of the overwintering population (Table 5) and weather 
conditions during the month of June (Table 8). In general during the 
period 1950-59, first brood oviposition was reduced in years when June 
temperatures were below normal and/or rainfall was deficient. 
Despite slightly below normal temperatures in June, first brood 
ovipos i tion in 1950 was the greatest observed in Boone County during 
the period 1950-59- This can be attributed largely to a high over­
wintering population. Oviposition in 1951 was rather low in comparison 
to the size of the overwintering population. Cool temperatures through­
out June may have been associated with the reduction in oviposition in 
1951- Weather conditions in June of 1952, 1953, and 1954 were warm, wet 
and generally favorable to the corn borer. The light egg deposition in 
1952 was largely associated with 1ow surviving borer populations in the 
spring. In 1953 and 1954, however, the overwintering population was 
higher and first brood egg deposition was higher, reaching a peak in 
1954. 
The overwintering population in 1955 was high yet first brood ovi­
position that year was light considering the numbers of moths that were 
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present. However, unfavorable weather conditions coincided with the 
greatly reduced numbers of eggs that were deposited. As shown in Table 
11, oviposition in 1955 began early in June but was greatly reduced dur­
ing the second week of the month. The second week of June 1955 was 
characterized by below normal temperatures and strong northerly winds. 
When normal conditions returned, oviposition resumed but at a greatly 
reduced rate. Conditions in 1956 were quite warm and large numbers 
of eggs were laid in relation to the size of the overwintering popula­
tion. Numbers of eggs in 1957 were high, under conditions of near normal 
temperatures and high rainfall throughout June. In 1958 oviposition was 
heavy despite unusually cool temperatures throughout June. This was 
largely associated with a high overwintering population which was over 
twice as great as that of the previous year. Egg deposition in 1959 was 
very low although the number of moths present was not unusually low. No 
measurable rainfall was reported in Boone County during the first 26 days 
of June 1959. Factors associated with a lack of moisture may have had 
an adverse affect upon the corn borer. In addition, the high population 
reduction among the borer population the previous fall (1953) may have 
been related to the low moth vitality experienced in 1959. It is possible 
that the vigor of the surviving larvae was low, which would partially 
explain the reduced numbers of eggs in 1959. However, no data are avail­
able to support this assumption. 
The frequency distribution of first brood egg masses, summarized by 
fields, is given in Table 12. Oviposition in individual fields during the 
course of this investigation was sometimes very heavy, averaging as high 
as nearly 29 egg masses per plant in one instance. A high egg mass pop-
Table 12. Frequency distribution of first brood egg masses by fields, Boone County, Iowa, 1950-59 
Egg masses Percent of fields i n 
per 100 plants 1950 1951 1952 19?? 1954 '955 1956 1957 1958 1959 
0 0 14.8 43.0 5.7 3.1 9.5 9.4 0 9.4 43.8 
1-50 4.0 73.9 54.5 71.7 9.3 65.6 65.6 56.3 18.7 53.1 
51-100 14.8 7.9 1.1 18.1 15.7 18.7 9.4 28.2 28.2 3.1 
101-150 11.5 3.4 4.5 12.6 3.1 12.5 6.2 21.9 
151-200 10.8 25.0 3.1 3.1 12.5 
201-250 9.6 1.1 25.0 6.2 3.1 
251-300 9.6 ' 3.1 
301-350 6.8 3.1 3.1 
351-400 6.8 3.1 
401-450 4.5 
. 
451-500 2.8 3. 1 
501-550 4.0 
551-600 1.2 
601-650 2.2 3.1 
651-700 2.2 
701-750 2.8 
751-800 2.2 
951-1000 0.6 
1051-1100 0.6 
1101-1150 0.6 
1151-1200 0.6 
1201-1250 0.6 
2850-3000 0.6 
40 
ulation in individual fields always occurred in years when the total egg 
mass population was high (1950, 1954, 1957, and 1958). In years when the 
egg mass population was low or moderate, the great majority of the fields 
received less than an average of one egg mass per plant. However, in 
every year but 1959 at least one observation field in Boone County 
received an average of more than one egg mass per plant, indicating that 
in most years there will be some fields in Boone County that will have an 
infestation sufficiently heavy to warrant insecticidal control. Present 
recommendations call for chemical control when 75 percent of the plants 
show evidence of leaf feeding. 
The best single criterion to use in relating first brood oviposition 
in an individual field is plant height, which in turn is influenced by date 
of planting, corn varieties, temperature, rainfall, and soil fertility. 
Since Myers et_ aj_. (1937) showed that the height of corn at mid-
oviposition gave the highest correlation with numbers of eggs laid, plant 
height at this time was used to relate plant height to egg deposition. 
Table 13 gives the average extended plant height of all fields at mid-
oviposi tion. 
The variation in the average extended plant height from year to year 
can be attributed to differences in planting dates, weather conditions, 
and to differences in the date of mid-oviposition. However, in compar­
ing the data in Table 13 with that in Table 11, it is apparent that the 
average extended plant height at mid-oviposition on a county basis was 
not related to the total amount of first brood oviposition. 
A regression equation was computed for each year's data using the 
average number of eggs per plant as the" dependent variable and the average 
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Table 13- Average extended plant height (inches) at mid-oviposition, 
Boone County, Iowa, 1950-59 
Average extended plant height 
Year at mid-oviposi tion (inches) 
1950 25.0 
1951 28.7 
1952 22.7 
1953 31-9 
1954 27.6 
1955 
1956 
1957 
1958 
1959 
27.5 
32.4 
22.7 
18.5 
18.5 
extended plant height at mid-oviposition as the independent variable. 
Only fields in which some eggs were found were used in this analysis. An 
analysis of the data showed a curvilinear relationship between the numbers 
of eggs per plant and plant height, except in 1954 and 1955. In these 2 
years the deviations from curvilinear regression were not significantly 
different from the deviations from linear regression. All curves were 
2 
second degree parabolas of the type Y = a -f bX + cX with a negative 
coefficient for X and a positive one for X2. 
The regression equations, t-values of the regression coefficients, 
and value R2 x 100 percent, and the degrees of freedom are given in Table 
14. The quantity R2 x 100 estimates the percent of the variation in 
numbers of eggs per plant that is accounted for by plant height. The 
regression lines for the equations in Table 14 are plotted in Figure 7. 
Differences in the slopes of the regression lines occurred from year 
to year. The greatest slopes were computed from data collected in 1950, 
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Table 14. Regression equations showing relationships between eggs per 
plant and plant height at mid-oviposition, Boone County, Iowa, 
1950-59 
Year Regression equation 
t-values of 
regression 
coefficients3 
b c 
R2 x 100 
percent df 
1950 Y — -14.381 -2.757X + .212X2 3.340** 4.682** • 54.6 173 
1951 Y = 20.317. -1.794X + .04lx2 4.849** 6.833** ' 73.1 72 
1952 Y = 23.363 -2.545X + .069x; 7.129** 2.875** ' 57.1 45 
1953 Y = 29.296 -2.345X + .050X2 2.568* 3.571** • 49.7 80 
1954 Y = -28.668 +1-962X 5.808** 53.1 29 
1955 Y 
= 
-15.627 + .804X 5.443** 51.0 27 
1956 Y = 71.321 -5.081X + .094X; 2.79.3 ** 3-357** 54.8 27 
1957 Y = 54.964 -5.427X + .l44x2 2.412* 3-272** 63.O 29 
1958 Y = 53-564 -6.366X + .228x2 2.920** 3.931** 68.4 26 
1959 Y — 14.154 -1.675X + .052X2 2.198* 2.737* 65.3 14 
a t r,'.-
-k 
= Significant at the 1 percent 
= Significant at the 5 percent 
; 1evel 
; level 
1954, 1957, and 1958. These were the years of highest first brood ovi­
position (Table II). This indicates that plant height becomes more impor­
tant as the total number of eggs increases. The tallest corn always 
received considerably more eggs in years when the total .amount of egg 
deposition was heavy than did the tallest corn in years when the total -
was light. In years when egg deposition was very light (1952 and 1959) 
the tallest corn received the highest number of eggs, as did the tallest 
corn in years when the total was very heavy (1950 and 1954). 
The relationship between plant height and total eggs was also 
computed on the basis of the 10-year average. This was accomplished by 
first grouping the fields by date of planting. These dates were coded, 
with the earliest date each year being assigned a value of 1. The 
Figure 7- Regression lines showing relationship between plant height at 
mid-oviposition and numbers of eggs per plant, first brood, 
Boone County, Iowa, 1950-59 
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various factors affecting Firs: brood populations were averaged by date 
of planting and are presented in Table 15- This method gives a picture 
of the 10-year average of these variables and how they affeet first brood 
populations. 
A regression analysis was computed (using the da La in Table 15) 
between plant height at mid-oviposi i. ion and numbers of eggs per plant, 
and between planting date and numbers of eggs per plant. The results are 
given in Table 16. 
The regression lines for these equations are shown in Figures 8 and 
9. 
Plant height appears to have slightly more effect upon first brood 
oviposition than does date of planting. Over à 10-year period, plant 
height accounted for 3.4 percent more variation in oviposition than did 
date of planting. 
Fa_e of Eggs. First Brood 
In this investigation, it was possible to determine the fate of the 
eggs deposited on the observation plants. All egg masses were marked 
when first observed and examined on subsequent visits to the field. The 
fate of eggs was classed as follows: hatched, missing, eaten by preda­
tors, dried, or infertile. Table 17 gives a summary of the data collected 
on fate of first brood eggs. 
The percentage of eggs in the various classes was fairly constant 
from year to year. The majority of eggs were classified as hatched in 
all years. The actual-fate of the missing eggs was unknown. Some of 
these were no doubt eaten by insect predators while others were dislodged 
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Table 15- First brood infestation, percent larval survival, and plant 
height at mid-oviposition, Boone County, Iowa, averaged by 
coded planting date, 1950-59 
-
Average number of Percent Plant height 
Number Eggs per Larvae Cavities 1 arva1 at mid-
Date of fields plant per plant per plant survival oviposi tion 
1 11 25.39 1.19 . 1.07 4.69 29.60 
2 21 29.42 1.20 1.13 4.08 28.53 
3 22 15.95 • 90 .58 5-64 27.85 
4 31 16.93 .67 .59 3-98 27.48 
5 44 20.14 .83 .55 4.14 27.07 
6 43 27.40 .82 .85 3.01 27.85 
7 45 8.76 .44 ,38 5.05 27.09 
8 65 35.60 1.02 .93 2.86 26.17 
9 58 26.62 .90 .88 3.38 26.43 
10 46 31.18 1.05 • 78 2.09 26.35 
11 41 15.41. .78 . 66 5.06 24.75 
12 42 12.87 .55 • 55 4.26 24.92 
13 47 20.71 .91 .84 4.39 24.01 
14 22 3-59 • 34 • 36 9.50 23.21 
15 23 15.83 .81 .59 5.14 23.81 
16 27 7.43 .28 .40 3-75 21.24 
17 1 1 22.33 .64 .40 2.85 25.37 
18 7 4.01 .14 • 35 6.24 21.87 
19 5 5.56 .07 .04 1 - 35 21.90 
20 7 2.81 .07 .04 2.67 18.17 
21 5 4.54 -37 .27 8.26 17-90 
22 4 5-14 -32 .25 6.33 15.35 
by wind and rain. For example, the high percentage of missing eggs in 
1957 and 1958 was probably due to a series of severe storms that occurred 
during the oviposition period. The high winds and rain associated with 
these storms probably washed many of these missing eggs from the plants 
since in the majority of cases the eggs were missing following severe 
storms. 
Table 16. Relationship between first brood oviposition with height and 
date of planting, 10-year average, Boone County, Iowa, 1950-59 
„ R2 x 100 Regression 
X variable Y variable percent equation 
t-value of 
regression 
coefficient3 
Plant Eggs per 
height plant 53-3 Y = -31.48 4- I-99X 4.768* 
Date of Eggs per 
planting plant 44.9 Y = 29-14 - 1.05X 4.48? 
3 ** = Significant at the 1 percent level 
First Brood Infestation and Larval Survival 
First brood infestation and larval survival were determined by the 
dissection of plants 1 through 5 and 11 through 15, inclusive, in all 
observation fields. This was done in mid- to late July, prior to the 
appearance of moths of the second brood. Percent survival was determined 
by the number of surviving larvae from a known number of eggs as deter­
mined by first brood oviposition data. First brood infestation and larval 
survival data are summarized in Table 18. Tables 19 and 20 give the fre­
quency distribution of first brood cavities and larvae by fields. 
The increase or decrease in the first brood borer population over 
the size of the overwintering population is an indication of the vigor of 
the population and its response to weather conditions. Because the over­
wintering population was estimated on the basis of the average number of 
borers per acre, and the first brood population on the average number of 
borers per 100 plants, the first brood data were converted to borers per 
acre assuming an average plant population of 12,000 plants per acre. 
Table 21 shows the overwintering population found in oat fields, the first 
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Figure 8. Relationship between plant height at mid-oviposit ion and numbers of eggs per 
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Figure 9. Relationship between date of planting and eggs per 
plant, averaged by coded planting dates, 1950-59 
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Table 17. Fate of eggs, first brood, Boone County, Iowa, 1950-59 
Year 
Plants 
observed 
Total 
eqqs 
Fate of eqqs 
Hatched Missing Eaten Dried Infertile 
Number Percent Percent Percent Percent Percent 
1950 3520 • 187,200 72.1 22.8 1.1 3-6 0.4 
1951 1760 5,529 71.9 17.8 7.7 1.3 1.3 
1952 1760 2,301 74.4 16.7 4.9 4.0 0 
1953 1760 10,433 64.9 25.3 8.3 1.3 0.2 
1954 640 15,807 84.3 13.1 0.5 0.8 1.3 
1955 640 3,731 70.6 25.2 0.6 0.6 3.0 
1956 640 4,473 90.1 6.0 1.3 1.2 1.4 
1957 640 6,916 54.8 34.6 5.3 2.2 3.1 
1958 640 10,964 61.2 33.6 1.7 1.9 1.6 
1959 640 747 66.4 28.6 0 4.9 0.1 
Average percent 
of total 71.1 22.4 3.1 2.2 1.2 
Table 18. First brood infestation and larval survival, Boone County, -
Iowa, 1950-59 
Infestation 
Cavities per Larvae per . Infested Larval 
Year 100 plants 100 plants plants survival 
Number Number Percent Percent 
1950 159.9 145.3 86.1 2.6 
1951 38.6 20.7 20.1 7-2 
1952 16.1 5-9 18.2 4.1 
1953 42.8 27.6 33.9 8.1 
1954 - 219.7 . - 10.5 
1955 29.3 43.7 - 5.8 
1956 15.6 42.8 - 6.4 
1957 58.4 57.2 66.6 6.1 
1958 80.3 88.4 64.3 5.0 
1959 5-9 6.9 16.5 5.4 
Table 19. Frequency distribution of first brood cavities by fields, Boone County, Iowa, 1950-59 
Cavities per Percent of fields .in 
100 plants 1950 1951 1952 1953 1954a 1955 1956 1957 1958 1959 
0 5.7 42.0 56.9 42.0 9.4 34.4 12.5 21.9 75.0 
1-50 23.3 29.6 36.3 39.8 53.2 62.5 46.9 28.2 21.9 
51-100 15.3 16.0 5-7 11.4 31.2 3.1 25.O 21.9 3.1 
101-150 15.3 8.0 5.7 3.1 12.5 15.6 
151-200 11.9 1.1 1.1 1.1 3.1 6.2 
201-250 9.6 1.1 
251-300 3.4 1.1 3.1 3.1 
301-350 
351-400 
401-450 
45V-5OO 
501-550 
551-600 
601-650 
651-700 
701-750 
751-800 
801-850 
3.4 
4.0 
3.4 
2.3 
0 . 6  
0 . 6  
0.6 
0 . 6  
1 . 1  
3.1 
aNo data for 1954 
Table 20. Frequency distribution of first brood larvae by fields, Boone County, Iowa, 1950-59 
Larvae per Percent of fields in 
100 plants 1950 1951 1952 1953 1954 - 1955 1956 1957 1958 1959 
0 4.3 50.0 69.3 19.4 3.1 9.4 15.6 9.4 15.6 56.3 
1-50 22.7 38.7 30.7 52.3 15.7 53.2 53.2 46.9 34.5 43.7 
51-100 22.1 7.9 17.0 12.5 31.2 21.8 28.1 15.6 
101-150 15.3 6.8 12.5 3.1 9.4 12.5 21.9 
151-200 11.9 2.3 3.4 6.2 3.1 3.1 
201-250 5.8 1.1 1.1 12.5 3.1 3.1 
251-300 5.1 9.4 3.1 
301-350 4.0 3.1 
351-400 4.0 9.4 
401-450 1.7 6.3 
451-500 2.8 3.1 
501-550 0.6 3.1 
551-600 3.1 3.1 
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Table 21. Borer populations in May and July , and the change in popula-
tion, Boone County , Iowa, 1950-59 
Larvae per acre Change in population 
Year May July May to July 
1950 10,733 17,436 1.6 
1951 1,940 2,484 1.3 
1952 5 21 708 1*3 
1953 1,854 3,312 1.8 
1954 6,240 26,364 4.2 
1955 14,354 5,244 -2.7 
1956 840 5,136 6.1 
1957 3,000 6,864 2.3 
1958 7,937 10,608 1-3 
1959 987 828 -1.2 
brood population (on the basis of borers per acre), and the change in 
the midseason population over the over-wintering population. 
It is evident from the data in Table 21 that the change in the borer 
populations was quite variable from year to year. These changes coincide 
fairly well with weather conditions and the amount of first brood ovi­
posit ion. The greatest increases occurred in 1954 and 1956. In both of 
these years, June was warm and conditions were favorable for the corn 
borer. Decreases occurred in 1955 and l959. June of 1955 was cool and 
windy; June of 1959 was quite dry as no measurable precipitation was 
reported during the first 26 days of the month. 
Year to year differences in numbers of first brood cavities and lar­
vae, and the percent infested plants can be largely explained on the 
basis of oviposit ion. However, exceptions did occur. For example, the 
larval population in 1954 was considerably greater than in 1950 despite 
the fact that over twice as many eggs were laid in 1950 as in 1954. 
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Larval establishment and survival play an important role in explain­
ing population fluctuations of the European corn borer. A high rate of 
establishment and survival not only results in greater yield losses and 
damage, but will greatly increase the population potential of the second 
brood. However, the factors influencing the percent first brood survival 
on a county basis are not apparent in the data available. Corn hybrids, 
size of the plants at the time of infestation, weather conditions, numbers 
of eggs laid, insect diseases, and other undefined factors interact in a 
complex manner to influence vitality and as a consequence larval survival. 
Borer infestations in individual fields can be measured by several 
indices. The 10-year averages of these indices were computed and are 
summarized in Table 15- The statistical relationships of the various 
indices of first brood infestation over the 10-year period are given in 
Table 22. The regression lines of the equations in Table 22 are shown 
in Figures 10 through 16. 
The R x 100 values were slightly greater when larvae were used as 
the dependent variable rather than cavities. This may possibly be 
because cavities were not counted in 1954 and thus the relationships 
involving cavities were computed omitting all 1954 data. However, the 
correlation coefficient between cavities and larvae was .924 with 20 
degrees of freedom, indicating that the over-all association between 
larvae and cavities is very close. 
The equations in Table 22 demonstrate that both the tallest and 
the earliest planted corn have the heaviest first brood infestations. 
These relationships were, in all cases, linear. - However, the regression 
of larvae on eggs was curvilinear. As shown in Figure 10, the 
Table 22. Relationships between indices of first brood infestation, 10-year average, Boone 
County, Iowa, 1950-59 
X variable Y variable 
R2 x 100 
percent 
Regress ion 
equation 
t value of 
regression 
coefficients3 
b c 
Eggs per plant Larvae per plant 83.5 Y 
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1 4.619** 2.337* 
Plant height Larvae per plant 57.4 Y = -1.06+ . 069X 5.227** 
Date of planting Larvae per plant 62.4 Y 1.11 - .041X 4.456** 
Eggs per plant Cavities per plant 76.2 Y .13 + .026x 8.125** 
Plant height Cavities per plant 55.5 Y - .92 + .061X 5.083** 
Date of planting Cavities per plant 58.2 Y .98 - ,036X 5.373** 
Eggs per plant Percent survival 64.6 Y 7.46 - .147X 6.250** 
9 Vf* = Significant at the 1 percent level 
* = Significant at the 5 percent level 
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Figure 13. Relationship between first brood eggs 
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1950-59 
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survival, first brood, 
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proportional numbers of surviving larvae per plant became progressively 
smaller as numbers of eggs per plant increased. Thus, increased numbers 
of eggs per plant beyond a certain point did not increase the numbers of 
surviving larvae. Figure 16 clearly shows that percent larval survival 
drastically decreased as the numbers of eggs increased. 
A low first brood survival on a county basis was not always assoc­
iated with large numbers of eggs. In 1950 when a very high number of 
eggs was present, establishment was very poor and survival was the low­
est of the 10-year period. Yet in 1954 a large number of eggs was 
deposited and survival was the highest recorded in Boone County. 
First Brood Qviposition and Infestation in Relation to Corn Acreage 
Included in the information collected from each farm operator at 
the beginning of the season was the number of acres in each observation 
field. Since first brood oviposition and infestation were recorded on a 
plant basis, it was possible to obtain an estimate of the total popula­
tion of eggs, cavities, and larvae in each field, assuming an average 
plant population of 12,000 plants per acre. Thus the total amount of 
oviposition and infestation for all fields planted on a particular date 
can be estimated. Planting dates were coded in the same manner as des­
cribed previously. The 10 year totals of the numbers of fields, total 
acreages, and the estimates of the total numbers of eggs, cavities, and 
larvae are given in Table 23. The total numbers of eggs, cavities, and 
larvae are plotted against planting dates in Figures 17, 18, and 19. 
Previous investigators have all emphasized that the heaviest first 
brood oviposition and infestation occurs in the earliest plantings of 
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corn. The present investigation has also shown that the highest popula­
tions per plant occur in the earliest planted corn. However, the data in 
Table 23 clearly demonstrate that the highest total population does not 
occur in the earliest corn but in corn that is planted 6 to 10 days after 
the earliest planting. This was due to differences in corn acreages. 
Table 23. Total number of fields and acreages, and estimated total 
number of first brood eggs, cavities, and larvae, Boone 
County, Iowa, 1950-59 
Days after 
first plant- Number Total Estimated number of total 
inq date of fields acres Eggs Cavities Larvae 
Mill ions Mill ions Mi 11 ions 
1 11 316 96.28 4.06 4.51 
2 21 537 189-58 7.28 7-73 
3 22 703 134.55 4.89 7.59 
4 31 1051 213.52 7.44 8.45 
5 44 1144 276.48 7.55 11.39 
6 43 1159 381.08 11.82 11.40 
7 45 1088 114.37 4.96 5.74 
8 65 1800 768.96 20.09 22.03 
9 58 1742 556.46 18.39 18.81 
10 46 996 372.66 9.32 7.77 
11 41 1053 194.72 8.34 9.86 
12 42 1142 176.37 7.54 7.54 
13 47 1149 285.55 11.58 12.55 
14 22 647 27.87 2.79 2.64 
15 23 567 107.71 4.01 • 5.51 
16 27 566 50.46 2.72 1.90 
17 - 11 260 69.67 1.25 2.00 
18 7 146 7.02 0.61 0.24 
19 5 101 6.74 0.05 0.08 
20 7 164 4.77 0.07 0.12 
21 5 36 1.96 0.12 0.16 
22 4 120 7.40 0.36 0.46 
Figure 17. Estimated numbers of first brood eggs plotted against 
planting dates, Boone County, Iowa, 1950-59 
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Figure 19. Estimated numbers of first brood larvae plotted 
against planting dates, Boone County, Iowa, 
1950-59 
About 22 percent of the total corn acreage was planted during the first 
5 days of the planting period, and 41 percent planted during the second 
5 days. Therefore, corn planted just prior to the middle of the normal 
planting period was the greatest initial source of second brood moths, 
not because the highest first brood populations per acre were found 
here, but because the higher percentage of the corn acreage was planted 
during this period than other periods of the planting season. The late 
plantings usually had a light infestation and a low total acreage and 
as a consequence did not constitute an important source of second brood 
moths. 
Second Brood Pupation and Moth Emergence 
The development of a second brood occurs in central Iowa during 
July. Observations of pupation and moth emergence were made twice weekly 
in Boone County in two fields heavily infested by larvae of the first 
brood. These data are summarized in Table 24. 
Second brood pupation in Boone County during the period studied began 
in mid- or late July and was observed to about the middle of August. 
Observations were made until all forms from the dissections consisted of 
fully developed larvae or empty pupal cases. In some years all of the 
first brood larvae do not pupate. 
Thé percentage of second brood pupation varied considerably during 
the period studied. In 1950 only 9 percent of the larvae pupated, so a 
second brood of consequence failed to develop. Second brood pupation in 
1950 was not observed until July 31, the latest date for the occurrence 
of this particular stage of borer development during the period 1950-59» 
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The percentage of pupation was also rather low in 1951 (35 percent), and 
1958 (62 percent). In other years pupation was higher, ranging from 78 
percent in 1953 Co 92 percent in 1957 and 1959. The accurate estimation 
of the percentage of second brood pupation is difficult because of the 
possibility of confounding the data by the presence of second brood fifth 
instar larvae and by the disappearance of empty pupal cases. 
Table 24. Second brood pupation and moth emergence, Boone County, Iowa, 
1950-59 
Pupation Emergence 
Year Beginning Comp1 et i on Days Beq inning Complet i on Days 
1950 July 31 August 18 18 August 4 August 30 26 
1951 July 26 August 21 26 July 30 August 30 31 
1952 July 14 August 14 31 ' July 24 August 21 28 
1953 July 13 August 13 31 July 27 August 27 31 
1954 July 16 August 10 25 July 23 T 
1955 - - - -
1956 July 18 August 15 28 July 30 -
1957 July 19 August 16 28 July 23 August 23 31 
1958 July 23 August 16 24 July 30 August 20 21 
1959 July 10 August 11 32 July 24 August 14 21 
The yearly variation in the percentage of second brood pupation was 
related to temperature differences during the summer months. The years 
in which pupation was lowest (1950, 1951,. and 1958) were also the years 
in which June and/or July temperatures were cool. In all other years, 
summer temperatures were near or above normal and the percentage of 
pupation was higher. 
In 1955, 1956, 1957, and 1959 there was evidence, based on light 
trap catches, of a small third brood of moths. As further evidence of a 
third brood, several pupae were found in October of 1955 and 1959- How­
ever, no observations were made to determine the percent of third brood 
pupation. 
Second and Third Brood Moth Flight 
Second and third brood moth flight records were secured from the 
same light traps as were records on the flight of moths of the first 
brood. The light traps were operated in the fall until moths were no 
longer caught. In 1952, 1953» and 1954 observations were discontinued 
at the close of the egg laying period of the second brood. In all other 
years light traps catches were recorded until cool temperatures in 
October terminated the flight of corn borer moths. The moth flight 
records of the second and third broods, grouped by 7-day periods, are 
given "in Table 25. 
• Moths taken in the light traps in late July, August, and early 
September were progeny of the first brood. As a result, the number of 
moths caught was dependent on the size of the first brood larval pop­
ulation and the percent of first brood larvae that pupated. The heavy 
moth flights of 1954 and 1958 were the result of high first brood pop­
ulations. The low moth flight of 1950 was not due to a low first brood 
population, but due to the failure of the great majority of these 
larvae to pupate. Low moth flights of the second brood in 1952 and 
1959 were due largely to a low first brood population. Numbers of moths 
taken in the light traps up to the end of the second brood oviposition 
period are depicted graphically in Figure 20. 
In 1950 and .1951 there was no evidence of a third brood of moths. 
Table 25. Average numbers of second and third brood moths per trap, Plant Introduction Station and 
Iowa State University Farm, Ames, Iowa, 1950-59 
Second brood Third brood 
Col 1ection period 
1 2 
July 
3 4 5 
Auqust 
6 7 8 
September 
9 
Year 15-21 22-28 29-4 5-11 12-18 19-25 26-1 2-8 9-15 
1950 0 0 4.7 30.6 90 . 2 • 24.6 53.6 20.3 37.5 
1951 0 0 6.2 32.5 57.0 96.7 123.2 42.5 3.7 
1952 1.5 13.5 14.7 27.2 36.7 5.0 3.5 3.7 0 
1953 6.3 140.8 381.1 626.6 455.4 263.7 . 148.0 ' 7.5 -
1954 14.0 359.7 1360.4 3808.6 1631.1 594.0 106.2 - -
1955 9.0 127.7 354.5 253.0 121.0 78.5 56.7 8.7 1 1.0 
1956 5.7 127.7 254.0 382.5 175.2 10.5 26.5 5.0 32.5 
1957 2.0 6l. 0 616.7 629.7 524.0 177.7 172.5 6.2 15.0 
1958 0 0.7 259.2 1568.0 1765.5 246.0 181.0 II6.5 20.0 
1959 0 35.5 129.5 139.7 29.0 11.7 2.0 1 12.0 36.7 
Table 25. (cont.) 
10 11 
September 
Third brood 
Col lection period 
12 13 
October 
14 
Total to 
end second 
brood 
ovipos i tion 
Tota 1 
thi rd Grand 
Number 
of 
Year 16-22 23-29 30-6 7-13 14-21 period brood total traps 
1950 13.2 1.0 1.7 1.7 0 261.5 0 379.1 3 
1951 1.7 0.5 0 .0 0 361.8 0 364.0 4 
1952 - - - - - 105.8 - 105.8 4 
1953 - - - 2029.4 - 2029.4 6 
1954 - - - - - 7873.7 ' - 7873.7 6 
1955 31.2 8.5 7.7 0.2 0 943.7 67.3 1066.8 4 
1956 11.5 14.2 0 0 0 981.6 63.2 1044.8 4 
1957 11.2 1.7 0.7 2. 2 0 2183.6 37.0 2220.6 4 
1958 . 5.7 0.2 0 1.7 0 4136.9 1.7 '4164.5 4 
1959 74.5 49.2 12.2 11.5 0.2 304.7 298.3 531.7 4 
I 
I 
Figure 20. Annual flight of second brood moths, Ames, Iowa, 1950-59 
CL 
< 
QL 
H 
CC 
tu 
CL 
4000^ 
1500 
1000 
500-
I 
12345678910 
1950 
12345678910 
1951 
</) 
X 
£ 2000 
1500 
1000 
500 
12345678 
1955 
12345678 
1956 
12 345678 12345678 1234567 
1952 1953 1954 
s 
12345678 2345678 12345 
1957 1958 1959 
The moths caught after the end of the egg laying period of the first 
brood belonged to the second brood. A similar pattern was noted in 
1958, although in this year several moths were taken in the light traps 
in mid-October. It is possible that these were third brood moths. The 
seasons of 1950, 1951, and 1958 were unusually cool and were the years 
in which first brood pupation was lowest. 
No data on a third brood moth flight are available for 1952, 1953, 
and 1954. in 1955, 1956, 1957, and 1959 there was definitely a flight 
of third brood moths. In these years there was a period of 1ow moth 
flight in late August or early September, followed by an increase in 
moth flight. Third brood moth flight was heaviest in 1959 even though 
this was the year in which the lowest second brood population occurred. 
The third brood is of little economic importance in Iowa although it 
may reduce the size of the overwintering population. 
Second B rood Oviposit ion 
Second brood ovipos i tion data v/ere obtained by the twice-weekly 
examination of 10 plants within each observation field. These plants 
had also been used to determine first brood egg deposition. The second 
brood data are grouped by weekly periods in Table 26, and presented 
graphically in Figure 21. The frequency distribution of second brood 
egg masses by fields is given in Table 27. 
Second brood oviposit ion appeared to be influenced principally by 
two factors, the number of moths present and weather conditions through­
out August. Populations of moths were in turn determined by the first 
brood larval populations as well as the percentage of these larvae which 
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pupated. In general, second brood ovipos i tIon was reduced in years in 
which mean August temperatures were above normal and/or precipitation 
was deficient. 
In 1950, failure of the majority of first brood larvae to pupate 
resulted in a reduced number of moths and consequently reduced total egg 
deposition. In 1951 both first brood pupation and larval populations 
were low, which accounted for the low moth population and light ovipos i-
tion. Weather conditions in August 1952 appeared to be ideal for the 
corn borer, './hen the moth population was considered, relatively large 
numbers of eggs were laid that year. Favorable conditions and a high 
moth population resulted in a corresponding increase in egg deposition 
in 1953 and the very high rate of egg deposition that was recorded in 
1954. Populations declined considerably in 1955 and 1956 and as a con-
Table 26. Number of second brood egg masses per 100 plants, Boone 
County, Iowa, 1950-59 
Ovipos!tion period 
1 2 3 4 5 6 7 8 
Ju 1 y August September 
Year 22-28 29-4 5-11 12-18 19-25 26-1 2-8 9-13 Total 
1950 0 0 0 5.8 6.9 4.5 1.8 0.1 1.9.1 
1951 0 0 1.1 7-6 6.5 8.7 4.6 0.2 28.7 
1952 0.9 . 7.1 9-6 7-6 4.8 1.9 0.1 0 32.0 
1953 2.6 39.8 42.6 22.9 13.2 13.8 3-7 0 138.6 
1954 4.1 61.9 167.5 250.6 141.2 17.5 0 0 642.8 
1955 0.6 23.4 22.5 14.1 4.4 0 0 0 65.0 
1956 0.9 10.3 18.1 14.1 8.4 2.2 0 0 54.0 
1957 0 6.2 17-5 66.2 48.7 2.8 0 0 - 141.4 
1958 0 0.6 22.2 32.5 15.3 3.1 0.3 0 74.0 
1959 0 0.3 1.9 0 0 0 0 . 0 - 2.2 
Figure 2 1 .  Second brood oviposit ion, weekly intervals, Boone County, Iowa, 1 950-59 
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sequence ovipos i tion was reduced. Hot, dry conditions throughout August 
1955 appeared to have contributed to the decrease in ovipos!tion. In 
1957 favorable weather conditions and a high moth population culminated 
in the second greatest number of egg masses observed in Boone County 
during the period 1950-59. In 1958, nearly twice as many moths were 
Table 27. Frequency distribution of second brood egg masses by fields, 
Boone County, Iowa, 1950-59 
-39 
masses 
per 100 
plants 1950 1951 1952 
Percent of 
1953 1954 
fields 
1955 
in 
1956 1957 1958 1959 
0 29.0 17.0 15.9 0 0 3.1 6. 2 0 3.1 84.4 
1-50 64.2 67.1 71.7 10.2 3.1 56.3 56.3 15.6 40.7 15-6 
51-100 6.2 12.5 7.9 30.7 0 12.5 28.2 31.3 31.3 
101-150 2.3 3-4 27-3 3.1 18.7 3.1 21.9 13.7 
151-200 1.1 .1.1 15.9 3.1 9-4 6.2 9.4 3.1 
201-250 0.6 5.7 3.1 12.5 3.1 
251-300 4.5 3.1 6.2 
301-350 2.3 3.1 
351-400 2-3 6.2 
401-450 1.1 6.2 
451-500 6.2 
501-550 6.2 
551-600 3-1 
601-650 6.2 3.1 
651-700 6.2 
701-750 0 
751-800 3.1 
801-850 12.5 
851-900 12.5 
901-950 3.1 
951-1000 6.2 
1251-1300 3.1 
taken in the light trap as in 1957 (Table 25), but egg deposition in 
1958 was half as great as in 1957. Temperatures in August 1958 were 
slightly below seasonal normals. However, this was the driest August 
recorded during the period 1950-59 and may partial 1 y explain the 
reduced egg deposition of the second brood in 1958. The lowest number 
of second brood egg masses was recorded in 1959. Moth flight in August 
1959 was low and the month was hot and dry. Under these conditions, egg 
deposition was very low. 
Second brood oviposit ion in individual fields could not be related 
to planting dates or corn development as could first brood oviposit ion. 
Long season corn hybrids are usually planted early in the season whereas 
the late plantings consist largely of early maturity hybrids. As a 
result, there was little difference in plant maturity at the time of 
second brood ovipos i tion. This may partially explain the lack of cor­
relation between planting dates and second brood populations. However, 
some general trends were noted but exceptions did occur and statisti­
cally significant differences could not be shown. In general, the late 
planted fields received the heaviest amount of oviposit ion although 
some early planted fields also received a heavy egg deposition. Fields 
heavily invested by the first brood usually escaped second brood 
infestation, whereas a number of fields had little infestation by 
either brood. These exceptions to the general trend were present in a 
number of fields in the study area each year. 
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Fate of Eggs, Second Brood 
The fate of eggs of the second brood was recorded in the same manner 
as for first brood eggs. The tabulation of the data on second brood eggs 
is given in Table 28. 
A comparison of the fate of eggs of the second brood with that of 
the first brood (Table 17) showed a difference in two categories. The 
percent of eggs of the first brood listed as missing was greater than 
those of the second brood, except in 1959. Huber et al. (1928) suggested 
that the rolling and unrolling of corn leaves in response to climatic 
factors tends to loosen egg masses from the leaves and causes their dis-
lodgment. This effect would be more pronounced during the period of 
first brood ovipos i t ion. Leaves of whorl-stage corn are less rigid and 
plants are beaten more by winds. In all years the percent of eggs eaten 
by predators was always greatest during the oviposition period of the 
second brood. As will be shown later, populations of predacious insects 
Table 28. Fate of eggs, second brood, Boone County, Iowa, 1950-59 
Plants Total Fate of eggs 
Year observed eggs Hatched Missing Eaten Dried Infertile 
Number Percent Percent Percent Percent Percent 
1950 1760 6286 54.4 18.5 9.7 13.0 4.4 
1951 880 4579 71.3 13.2 13.6 1.3 0.6 
1952 880 5255 72.0 9.2 8.9 8.9 1.0 
1953 880 23172 63.2 5.3 23.2 7.3 1.0 . 
1954 320 39696 72.7 8.0 13.7 1.9 3.7 
1955 320 4239 78.0 7.8 9.1 3.1 2.0 
1956 320 3185 93.6 3.8 0.7 0 1.9 
1957 320 8597 63.1 23.2 6.4 3.3 4.0 
1958 320 4601 79.0 15.7 2.4 0.5 2.4 
1959 320 128 39.1 42.2 18.7 0 0 
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were always more abundant during the second brood egg laying period. 
Fall Larval Populations and Infestation 
The 10 observation plants in each field which had been used to 
determine second brood egg deposition were dissected in the fall to 
determine the corn borer population and the resulting infestation. Table 
29 summarizes these data. Tables 30 and 31 give the frequency distribu­
tion of larvae and cavities at the time of the fall dissection. 
Table 29. Fall infestation, Boone County, Iowa, 1950-59 
Year 
Cavities per 
100 plants 
Larvae per 
100 plants 
Infested 
plants 
Percent 
1950 265.3 110.0 -
1951 122.4 73-3 65.1 
1952 133.7 119.4 70.9 
1953 438.1 267.4 92.5 
1954 . 653.4 557.2 99.7 
1955 232.8 153.1 71.9 
1956 196.9 178.7 66.9 
1957 331.2 206.9 91.6 
1958 321.6 128.4 93-5 
1959 .28.4 10.0 22.8 
Numbers of 
of infestation 
cavities found in 
by both first- and 
the fall dissection 
second-brood borers; 
represent the sum 
no attempt was 
made-to distinguish between first and second brood cavities. Some of 
the larvae found in the fall probably belonged to the first brood, since 
under some growing conditions all of the first brood do not pupate. 
The increase or decrease in the fall population over that of the 
first brood, and the overwintering population, is a measure of the 
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Table 30.  Frequency distribution of larvae at the time of the fall dis­
section, Boone County, Iowa, 1950-59 
Larvae 
per 100 Percent of fields ; in 
plants 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 
0 1.1 3.4 1.1 1.1 0 6.2 3.1 0 3.1 37.5 
1-50 29.0 40.9 25-0 6.8 0 12.5 15.6 0 18.7 62.5 
51-100 30.8 32.9 22.8 10.3 6.2 22.0 9.4 22.0 22.0 
101-150 13.6 17.1 22.8 13.7 0 28.3 9.4 12.5 22.0 
151-200 13.6 2.3 17.0 10.3 0 3.1 15.6 22.0 18.7 
201-250 4.5 1 . 1  5 .7 15.9 3.1 6.2 22.0 15.6 9.3 
251-300 3.4 2.3 1 . 1  12.5 6.2 6.2 15.6 12.5 0 
301-350 2.3 1 . 1  7 .9 6.2 3.1 6.2 6.2 0 
351-400 1 . 1  4 .5 15.6 6.2 3.1 0 6.2 
401-450 0.6 2.3 5.7 6.2 6.2 3 . 1  
451-500 1 . 1  2 .3 6.2 3 . 1  
501-550 2.3 3.1 
551-600 9.4  
601-650 1 . 1  6 .2 
651-700 6.2 3 . 1  
701-750 1 . 1  3.1 
751-800 1 . 1  3.1 
801-850 3.1 
851-900 6.2 
901-950 2.3 3 - 1  
951-1000 0 
1001-1050 0 
1050-1100 0 
1101-1150 1 . 1  3 . 1  
1151-1200 0 
1201-1250 0 
I25I-I3OO 0 
1301-1350 0 
1351-1400 0 
1401-1450 0 
1451-1500 0 
1501-1550 0 
1551-1600 3.1  
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Table 31• Frequency distribution of cavities at the time of the fall 
dissection, Boone County, Iowa, 1950-59 
Cavities 
per 100 Percent of fields in 
plants 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 
0 0 1.1 1.1 0 0 0 0 0 0 28,1 
1-50 5.7 12.5 18.2 1.1 0 6.2 9.4 0 0 50.0 
51-100 15.2 33-0 19.4 0 0 12.5 18.8 0 12."5 21.9 
101-150 16.9 25.1 25.0 3.4 3.1 18.8 18.8 3.1 9.4 
151-200 13.0 . 17.1 22.8 6.8 0 15.7 3-1 6.2 12.5 
201-250 10.2 7-9 7.9 9.2 0 9.4 12.5 25.0 9.4 
251-300 11.4 1.1 1.1 7.9 0 9.4 18.8 18.8 15.6 
301-350 5.7 1.1 2.3 10.3 3.1 6.2 9-4 18.8 12.5 
351-400 5.1 0 1.1 10.3 9.4 3.1 3.1 3.1 9.4 
401-450 2.3 1.1 1.1 13.7 6.2 9.4 6.2 6.2 6.2 
451-500 2.3 6.8 9.4 6.2 3.1 9.4 
501-550 1.7 10.3 3.1 3.1 9.5 0 
551-600 4.0 4.5 3.1 3.1 0 
601-650 1.7 2.3 12.5 0 3.1 
651-700 0.6 1.1 12.5 3.1 
701-750 0.6 3-4 6.2 
-
751-800 1.8 2.3 12.5 
801-850 1.2 1.1 3.1 
851-900 0 1.1 3.1 
901-950 0 1.1 0 
951-1000- 0 0 3.1 
1001-1050 0.6 1.1 0 
1051-1100 1.1 0 
1101-1150 0 3.1 
1151-1200 0 0 
1201-1250 0 0 
1251-1300 1.1 3.1 
1301-1350 0 
1351-1400 0 
1401-1450 3.1 
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vitality of the population. In order to compare the fall population 
(September) with the one of the previous spring (May), the data were 
converted to the number of borers per acre, assuming an average of 12,000 
plants per acre. Table 32 shows the overwintering population found in 
oat fields (May), the first brood population (July), the fall popula­
tion (September), the change in population from July to September, and 
the change from May to September. 
Table 32. Borer populations in May, July, and September, and the change 
in population, July to September, and May to September, Boone 
County, Iowa, 1950-59 
Year May 
Larvae per 
July 
acre 
September 
Change in 
July to 
September 
population 
May to 
September 
1950 10,733 17/436 13,200 -1.3 1.2 
1951 1,940 2,484 8,796 3.5 4.5 
1952 521 708 14,328 20.2 27.5 
1953 1,854 3,312 . 32,088 9.7 17.,3 
1954 6,240 26,364 66,864 2.5 10.7 
1955 14,354 5,244 18,372 3.5 1.3 
1956 840 5,136 21,444 4.2 25-5 
1957 3,000 6,864 24,828 3.6 8.3 
1958 7,937 10,608 15,408 1.4 1.9 
1959 987 828 l ,200 1.4 1.2 
The only decrease in the fall population over that of the first brood 
occurred in 1950. The second brood in 1950 was small and many of the lar­
vae found in the fall of that year belonged to the first brood. The fall 
population in 1952 v/as over 20 times as great as the first brood popula­
tion, and over 27 times as great as the spring population. This was the 
greatest increase that occurred in Boone County during the period 1950-59 
and was the beginning of a population outbreak that culminated in the 
heavy borer infestation in the fall of 1954. The borer population was 
considerably lower in 1955 and the fold increase in the population was 
correspondingly less. The fold increase in 1956 was high especially 
from spring to rail. A population peak was reached in the fall of 1957 
although the fold increase that year was less than in 1956. The fall 
populations in 1958 and 1959 were low and showed little increase over 
those of the first brood. 
The seasonal changes in the borer population in Boone County from 
1950 through 1959 appeared to follow a similar pattern. Following the 
high population in Boone County in 1949 (Beck 1950), the numbers of 
borers declined, reaching a low point at the time of the first brood in 
1952. Another peak was reached in the fall of 1954; the population in 
1955 was considerably reduced. Another peak occurred in the fall of 
1957 and a decline quite similar to that of 1950-51 occurred in 1958—59-
While these fluctuations are somewhat irregular and cannot be described 
as cyclic, a distinct pattern is evident. Following a peak, populations 
declined rapidly, remained low for about a year, and then again increased. 
Second Brood Oviposition and Fall Infestation in Relation to Corn Acreage 
Second brood ovipos i t ion and fall infestation in relation to corn 
acreage were computed by coding the planting dates in the same manner as 
first brood infestation v/as related to corn acreage. It.should be remem­
bered that the fall population of larvae in some years was composed of 
some first-brood borers and that numbers of cavities are the sum of first 
and second brood infestation. The 10 year totals of fields, acreages, 
and estimates of second brood eggs, cavities, and larvae are given in 
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Table 33* These data are plotted against planting dates in Figures 22, 
23, and 24. 
When the data in Table 32 were plotted against dates of planting, 
the resulting graphs were quite similar to analogous data using first 
brood infestation data. The greatest actual fall populations occurred 
Table 33. Total number of fields and acreages , estimated total number 
of second brood eggs, cavities, and larvae at the time of 
the fal1 dissect ion, Boone County, Iowa, 1950-59 
Days after 
first plant Number Total Estimated number of total 
inq date of fields acres Eggs Cavities Larvae 
Mi 11 ions Mi 11 ions Mi 11 ions 
1 11 316 87.97 10.24 5.46 
2 21 537 290.62 26.23 15.59 
3 22 703 278.39 27.75 18.90 
4 31 1,051 228.28 40.36 22.32 
5 44 1,144 350.06 40.08 24.30 
6 43 1,159 187.76 35.88 21.14 
7 45 1,088 261.12 36.16 22.32 
8 65 1,800 164.16 49.46 27.00 
9 58 1,742 288.47 61.67 38.67 
10 46 996 170.91 28.33 17.21 
11 .41 1,053 208.49 33.74 19.71 
12 42 1,142 205.56 37.82 23.02 
13 47 1,149 113.06 30.33 17.51 
14 22 647 83.85 15-37 12.19 
15 23 567 86.41 16.53 11.70 
16 27 566 46.18 10.05 7.40 
17 11 260 45.55 8.27 5.43 
18 7 146 19.27 2.49 2.47 
19 5 10] 25.Ô9 2.27 1.33 
20 7 164 7.48 4.33 2.71 
. 21 5 36 4.45 .76 .49 
22 4 120 16.56 1.90 2.09 
Figure 22. Estimated numbers of second brood eggs plotted against 
planting dates, Boone County, Iowa, 1950-59 
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Figure 23. Estimated number of cavities, fall 
dissection, plotted against planting 
dates, Boone County, Iowa, 1950-59 
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Figure 24. Estimated numbers of larvae, fall 
dissection, plotted against planting 
dates, Boone County, Iowa, 1950-59 
in corn planted midway through the normal planting period. These high 
populations correspond with the dates in which the greatest amount of 
corn was planted. Some of the late plantings were heavily infested, but 
the actual populations were rather low due to the limited acreage of 
late planted corn. 
Seasonal Development of the Borer in Relation to Temperatures 
The seasonal accumulation of temperatures was tabulated in order to 
correlate them with the seasonal activity of the corn borer. Apple (1952) 
calculated borer degree days by accumulating daily mean temperatures. 
Borer degree days were calculated by the following formula: 
Borer degree day = daily mean temperature -50° F. 
Daily mean temperatures were ignored if they were less than 50° F. 
The degree day requirements for the first appearance of the various stages 
of the corn borer were calculated by Apple (1952). These figures, for 
first brood development, were as follows: pupae 246, moths 423, and eggs 
603; for second brood development, pupae 1,446, moths 1,716, and eggs 
1,787. 
Comparisons made using the predicted date of occurrence of the first 
appearance of the corn borer stages with the actual dates, are given in 
Table 34. 
These data closely agree with the figures obtained by Apple (1952). 
This information enables the research worker to coordinate his activities 
so as to schedule field observations at a time when the first appearance 
of the various stages can be expected. However, it should be pointed out 
that this method is not perfect and that deviations of several days may 
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Table 34. Comparison of actual and predicted dates of first appearance 
of various stages of the corn borer as determined by the 
method given by Apple (1952) 
First brood Second brood 
Pupae Moths Eggs Pupae Moths Eggs 
Year Degree days 246 423 602 1446 1716 1778 
1950 Actual May 18 June 1 June 13 Ju y 31 August 4 August 14 
Predicted May 23 June 6 June 14 Ju y 28 August 9 August 13 
1951 Actual May 17 May 28 June 13 Ju y 26 July 30 August 11 
Predicted May 19 May 30 June 13 Ju y 24 August 2 August 5 
1952 Actual May 8 June 6 June 10 Ju y 14 July 24 July 25 
Predicted May 3 May 23 June 5 Ju y 6 July 17 July 19 
1953 Actual May 19 June 4 June 9 Ju Y 13 July 20 July 27 
Predicted May 23 June 1 June 10 Ju y 14 July 24 July 26 
1954 Actual May 12 May 31 June 14 Ju y 16 July 23 July 23 
Predicted May 17 June 3 June 12 Ju y 13 July 23 July 25 
1955 Actual Apr i 1 29 May 17 June 3 Ju y 15 July 11 July 27 
Predicted May 3 May 19 June 1 Ju y 12 July 23 July 25 
1956 Actual May 15 June 2 June 8 Ju y 18 July 16 July 22 
Predicted May 16 May 28 June 7 Ju y 10 July 21 July 24 
1957 Actual /lay 10 June 1 June 12 Ju y 19 July 19 July 29 
Predicted May 9 May 30 June 9 Ju y 16 July 26 July 28 
1958 Actual May 12 May 30 May 1 Ju y 23 July 18 August 4 
Predicted May 16 /lay 29 June 9 Ju y 27 August 7 August 9 
1959 Actual May 13 May 28 June 8 Ju y 10 July 22 August 3 
Predicted May 9 May 27 June 6 Ju y 14 July 26 July 28 
Averag e 
Actual May 12 May 30 June 9 Ju y 18 July 22 July 31 
Predicted May 14 May 29 June 9 Ju y 16 July 27 July 29 
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occur. For this reason, observations, such as pupation records in the 
spring, should be started several days prior to the expected day. 
It may be desirable to predict in advance not only the first appear­
ance of the various stages of the corn borer, but also when a particular 
percent of some phase in the life cycle of the borer is reached. For 
example, insecticidal control may be desirable when 50 percent ovipo-
sition is reached. However, the date of which 50 percent oviposition is 
reached cannot be calculated until oviposition is completed. 
When the accumulative percentages of first and second generation 
pupation, moth emergence, moth flight, and oviposition for 1950 through 
1959 were plotted against day degrees, the relationship was found to be 
a sigmoid curve. . This type of a curve is rather difficult to work with 
statistically. For this reason, the percentage figures were transformed 
to probits and plotted against day degrees in order to make the relation­
ship linear. The regression equations, using the transformed data, are 
given in Table 35-
Using the equations in Table 35, the probits of the percent (Y) can 
be estimated from a given number of day degrees (X). By converting the 
probits back to percentages, the percent development of the various stages 
was plotted against day degrees and a sigmoid curve obtained. These 
curves are shown in Figures 25 through 32. 
Using the equations in Table 35, it is possible to estimate the 
number of day degrees necessary to reach any desired percent development. 
These equations are of the form Y = a bX where Y is the probit of the 
percent to be estimated, a is the intercept of the regression line on 
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Table 35. Relationship between probits of the accumulative percent stage 
of borer development and day degrees 
Brood Development Regression equation 
t-value of 
regression 
coefficient3 
First Pupation 
Moth emergence 
Moth flight 
Oviposi tion 
Y = 1.71 * .0082% 
Y = 0.92 .0060X 
Y = 0.56 + .0059X 
Y =-0.56 -'r .0064X 
12.239** 
9.709** 
43.382** 
27.234** 
Second Pupation 
Moth emergence 
Moth f1ight 
Ovipos ition 
Y =-1.44 -î- . 0032X 
Y =-4.72 + .0048X 
Y =-3.60 -h .0041X 
Y =-2.04 -î- .0033X 
15.238 
11.321 
42.619 
14.932 
a 
= Significant at the 1 percent level 
the Y axis, b is the regression coefficient, and X is any number of 
desired day degrees. If the investigator wishes to estimate the number 
of day degrees necessary for a given percent of development, the equations 
must be rearranged to the form 
By using the above form of the equations in Table 35, a theoretical 
number of day degrees can be calculated for any desired percent of the 
various developmental stages, and hence a predicted date can be given by 
comparing the theoretical number of degree days with the actual number. 
The accumulative percent development of the various stages in the life 
cycle of the corn borer was computed along with the theoretical number 
of degree days necessary to reach this percent. Then the predicted date 
was obtained from the actual number of day degrees and this predicted 
date compared with the actual date. These results are presented in 
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Figure 27. Relationship between percent first brood moth flight and day degrees 
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Tables 40 through 47. 
In general, the predicted dates coincided closely with the actual 
dates. The poorest results were obtained from percent pupation and moth 
emergence. This was probably because the sample sizes involved were much 
smaller than those used in estimating oviposit ion and moth flight. Per­
cent pupation and moth emergence were usually based on a sample of 50 
forms observed twice weekly, and as a result some sampling error could 
easily occur. In all cases the best results were obtained when percent­
ages between 10 and 90 were estimated, with the poorest results obtained 
with percentages less than 10. The figures given by Apple (1952) in 
estimating the first appearance of the various stages are much more accur­
ate than the theoretical number of day degrees calculated for 1 percent of 
the development of a particular stage. However, as shown in Tables 40 
through 47, good results can usually be obtained for percentages between 
10 and 90. 
During this 10 year investigation, one exception occurred. The pre­
dicted dates in 1958 did not closely correspond with the actual dates. 
Despite the fact that 1958 was abnormally cool, borer development was not 
delayed as might be expected. Therefore, this method of estimating per­
cent development may not always be accurate and occasional exceptional 
years, such as 1958, may occur. However, it is apparent from the data 
available that this method could be used with a reasonable degree of 
accuracy in most years. Somewhat better results were obtained from esti­
mating percent development of the first brood than estimating percent 
development of the second brood. 
Ill 
Natural Enemies of the Corn Borer 
Counts were made of predacious insects occurring on the corn plants 
which were observed for egg masses. Average numbers of predators per 100 
plants observed throughout the two oviposition periods of the corn borer 
are given in Table 36. 
The predatory forms observed were the nymphs and adults of a small 
flower bug, Orius insidiosus (Say); eggs, larvae, pupae, and adults of 
Chrysopa spp.; and eggs, larvae, pupae, and adults of lady beetles. The 
Chrysopa spp. observed were £. oculta (Say) and jZ. plorabunda Fitch. The 
most common species of lady beetles were Ceratomegi1 la fuscilabris 
(Muse. ), Hippodamia convergens Guer.-, and jl. tredecimpunctata tibialis 
(Say). Adalia bipunctata (L.) and Coccinella novemnotata (Hbst.) were 
also present but less common than the other three species of lady beetles. 
Populations of predacious insects on corn plants showed considerable 
variation in levels from year to year. Populations of Orius insidiosus 
were always low early in the season, but were usually considerably higher 
during the latter part of the summer. There was no relationship between 
the numbers of J3. insidiosus found early in the season and those found 
later in the same season. In 1957 and 1959 this species became very 
abundant in August following a low initial population. Numbers of j). 
insidiosus were low throughout the summer in 1950 and 1951. The popula­
tion was at a high level from 1952 through 1955, but was very low in 
1956. The highest populations of the entire period occurred from 1957 
through 1959. In several instances the (). insidiosus population increased 
rapidly following a period of low population. In the late summer of 1957 
0. insidiosus was nearly 125 times as abundant as it was at a comparable 
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Table 36. Average number of predators per 100 plants, first and second 
brood, Boone County, Iowa, 1950-59 
Year 
Brood 
Chrysopa spp. Orius 
insidiosus 
(Say) Eggs Larvae Pupae Adult Eggs Larvae Pupae Adult 
Lady beetles 
1950 
Fi rs.t 
Second 
3.1 18.5 0.3 0 0.4 4.4 0.1 0 7.9 
9.0 472.4 28.5 1.4 12.5 862.1 31.8 82.0 95.1 
1951 
First 
Second 
0.6 22.7 0.3 0 0.2 4.0 0 0.1 3.1 
13.2 176.2 4.2 2.6 5.8 648.1 155-1 32.0 53-5 
1952 
First 
Second 
2.3 23.5 0.1 0 0.9 4.8 0 0 6.6 
31.1 755.8 5.7 1.2 10.7 146.8 40.0 8.5 22.6 
1953 
First 
Second 
1954 
First 
Second 
2.7 
28.4 
0.3 
31.9 
143-9 0.3 
151.2 11.4 
33.9 0.1 
155.6 9.4 
0 4.3 6.6 0 0.1 21.9 
0 .2  13 .2  222 .6  81 .8  8 .3  39-0  
0 0.1 15.6 0.1 0 35.5 
0.3 12.8 292.5 29.1 3-2 15.0 
1955 
First 
Second 
1956 
First 
Second 
1.6 
34.4 
0 
0.9 
46.2 0.9 
266.2 6.9 
36.9 0 
573.1 8.4 
0 
0 
0 
0 
0.1 15.3 0.-9 
13.1 201.6 20.0 
0 21.4 
3.1 79.1 
0.6 1.7 0 0 100.8 
15.0 1174.1 256.9 96.6 101.9 
1957 
First 
Second 
3-2 72.5 0.5 
124.7 2566.9 29.4 
0  2 .8  0  0  0  15 .1  
12.8 22.2 357.5 163.1 166.2 229.7 
1958 
First 
Second 
1.6 279-8 0.1 0.1 5.6 93.7 0.8 0 48.7 
66.9 871.2 19.1 6.9 24.7 1089.1 218.4 149.7 333.1 
1959 
First 
Second 
0.3 29.2 0.1 0.5 0.1 1.2 0 0 9.4 
235.0 1138.4 15.0 15.3 12.2 43.7 99.1 69.1 118.4 
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time in 1956, while the late summer population in 1959 was over 700 times 
greater than the early summer population. 
The population of Chrysopa spp. showed less variation from year to 
year than any of the other common groups of insect predators. Numbers 
of larvae, pupae, and adults were scarce in comparison with the numbers 
of eggs. The scarcity of pupae may be partially explained by the fact 
that one of the common species, JÛ. oculta, pupates in the soil (Smith 
1922). 
The most numerous predators observed were the lady beetles. Early 
in the season, adult beetles were the most numerous forms observed, with 
the exception of the eggs of Chrysopa spp. As was the case of other 
species, the lady beetles were most numerous late in the summer. 
The effects of insect prédation upon the corn borer have never been 
properly evaluated. However, the results of this study show that préda­
tion does have some effect upon the corn borer. The percent of second-
brood corn borer eggs eaten by predators was always higher than those 
eaten of the first brood eggs. The numbers of larvae eaten by predators 
have never been measured, but it is entirely possible that greater num­
bers of second brood larvae were eaten by predators than first brood 
larvae. Predators were more abundant during the period of second brood 
activity, which probably explains the higher percent of eggs that were 
recorded as eaten. 
Mature corn borer larvae were collected at the time of the various 
surveys. These larvae were processed at. the Ankeny Çorn Borer Investiga­
tions laboratory to determine the parasitization. Two species of exotic 
insect parasites, Lydella grisescens R.D. and Sympiesis viridula 
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(Thorns.), and six species of native parasites were reared from the 
various collections. The results arc presented in Table 37-
Lydella grisescens was the most numerous insect parasite recovered 
from the various collections. This species was never actually released in 
Boone County (B1 ickenstaff et al. 1953) but was first recovered there in 
1950. The population remained very low until the fall of 1953. Since 
that time, the percentage of borers parasitized by U grisescens fluc­
tuated somewhat, with the greatest percent of parasi tization occurring in 
the fall of 1953. The percentage of first brood larvae parasitized was 
always small. York et al. (1955) found that in Iowa, JL. grisescens adults 
emerge too early in the spring to parasitize the corn borer and as a re­
sult produce one generation on the stalk borer (Papaipema nebris [Guen.] ) 
and at least two additional generations on the corn borer* This explains 
the low percent of first brood corn borers parasitized by L. grisescens. 
Sympiesis vi ridula is a gregarious external parasite and as a result 
would not common 1 y be reared from a collection of corn borer larvae. 
This species is probably more abundant in Boone County than indicated by 
the data in Table 37-
The six species of native parasites reared from the various col­
lections were not common and appear to only be incidental parasites of 
the corn borer. 
In August 1951, a single egg mass was found parasitized by a native 
species, Trichogramma minuturn Riley. This was the only record, of an egg 
parasite of the corn borer during this investigation. 
A sample of 25 larvae was saved from the fall dissection in 1959 
and was examined by Dr. E. S. Raun of Iowa State University for the 
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Table 37- Parasites reared from collections of corn borer larvae made 
in Boone County, Iowa, 1950-59 
Borers 
Year Season processed 
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1950 Spring 3,370 0 0.1a 0.9 0 0 0 0 0 
Summer 5,525 0.2 0 0.1 0. 1 0 0 0 0. 1 
F a l l  1,983 0. I 0 0 0 0 0 0 0.3 
1951 Spring 1,649 0. 1 0 2. 1 0 0. 1 0 0 0.3 
Summer 148 0 0 0 0 0 0.7 0 3.4 
Fa 11 1,127 0.5 0 0 0 0 0 0. 1 1.6 
1952 Fall 812 0.5 0 0 0 0 0 0 0 
1953 Summer 114 0.9 0 0 0 0 0 0 0 
Fal 1 415 4.3 0 0 0 0 0 0 0 
1954 Spring 234 5-1 0 0 0 0 0 0 0 
Summer 712 0.4 0 0 0 0 0 0 0 
Fal 1 823 15-4 0 0 0, 0 0 0 0 
1955 Spring 107 19-6 0 0 0 0 0 0 0 
Summer ! 40 0.7 0 0 0 0 0 0 0 
Fal 1 145 11.0 0 0 0 0 0 0 0 
1956 Spring 83 2.4 0 0 0 0 0 0 0 
Summer 137 0 0 0 0 0 0 0 0 . 
Fal 1 187 2.7 0 0 0 0 0 0 0 
1957 Spring 307 2.3 0 0 0 0 0 0 0 
Fall 209 11.5 0 0 0 0 0 0 0.5 
1958 Spring 381 3-4 0 0 0 0 0 0 0 
Fal I 220 24.1 0 0 0 0 0 0 0 
1959 Soring 72 15-3 0 0 0 0 0 0 0 
Fall 30 10.0 0 0 0 0 0 0 0 
Cocoon from burrow, host not taken 
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protozoan parasite, Perezia pyraustae Pail lot. A total of six larvae, or 
24 percent were found to Be infected with this organism. It is quite pos­
sible that this microsporidian may have a significant effect upon popula­
tion fluctuations of the corn borer. However, no data are available on 
.the infection of corn borer larvae in Boone County prior to 1959, so 
no definite conclusions can be made. 
Adequacy of the Sampling Procedure 
The sampling design used in this investigation was that of repeated 
subsampling, sometimes called nested sampling. In 1950 a total of 176 
corn fields were located in a restricted random fashion as a representa­
tive sample of corn fields within the study area. The number of corn 
fields surveyed was 88 from 1951 through 1953» and 32 from 1954 through 
1959. Within each field, two sampling sites were selected, and five 
plants were selected within each site. 
An analysis of variance was computed for first generation and fall 
larvae. The analysis of variance of first generation larvae is given 
in Table 38; the analysis of variance of numbers of larvae found in the 
fall is given in Table 39-
These analyses were computed on an individual plant basis. The var­
iance of the mean number of borers per plant and the 95 percent confidence 
interval of the mean were computed from formulae given by Bancroft and 
Brindley (1958). The means and confidence intervals are given on the 
bas is of per 100 plants to conform with previous data. 
The adequacy of the sample mean was measured by the width of the 95 
percent confidence interval. The confidence interval is interpreted as 
Table 38. Analysis of variance, mean number of lar 
interval of the mean, first brood larvae 
Source of Percent 
Year variation df M.S. s2 variation 
1950 Fields 175 15.2500 0.8904 23.1 
Sites/fields 176 6.3460 0.8455 21.9 
Plants/si tes 1407 2.1186 2.1186 55.0 
Total. 1758 3.8545 100.0 
.1951 Fields 87 1.80 0.087 13.2 
S i tes/fi elds 88 0.93 0.090 13.7 
Plants/si tes 704 0.48 0.480 73.1 
Total 879 0.657 100.0 
1952 Fields 87 0.1277 0.0061 10.9 
Sites/fields 88 0.0670 0.0018 3.2 
Plants/s i tes 704 0.0580 0.0580 85.9 
Total 879 0.0559 100.0 
1953 Fields 87 2.5516 0.1444 16.5 
Si tes/fields 88 1.1080 0.0949 10.9 
Plants/s i tes 704 0.6335 0.6335 72.6 
Tota 1 879 0.8728 100.0 
1954 Fields 31 28.3491 1•6559 24.9 
Si tes/fields 32 11.7906 1.7019 25.6 
Plants/sites 256 3.2812 3.2812 49.5 
Total 319 6.6390 100.0 
per 100 plants, and 95 percent confidence 
95 percent confidence 
interval of mean 
Variance of 
Mean number mean number 
larvae per of larvae Lower Upper 
100 plants per plant limit limit 
145.3 0.008665 127.1 163.5 
20.7 0.002046 11.9 29.5 
5 . 9  0 . 0 0 0 1 3 0  3 . 7  8 . 1  
27.6 0.002900 17.1 38.1 
219.7 0.088591 161.5 277.9 
Table 38. (cont.) 
95 percent confidence 
interval of mean 
Year 
Source of 
variation df M.S. S2 
Percent 
variation 
Mean number 
larvae per 
100 plants 
Variance of 
mean number 
of larvae 
per plant 
Lower 
limit 
Upper 
limit 
1955 Fields 
Si tes/fields 
Plants/sites 
Tota 1 
31 
32 
256 
319 
1.2814 
0.5781 
0.6500 
0.0631 
-0.0144 
0.6500 
0.6987 
9.0 
-2. 1 
93-1 
100.0 43.7 0.003778 31.7 55.7 
1956 Fields 
S ites/f ields 
Plants/s ites 
Total 
31 
32 
256 
319 
1.3886 
0.9781 
0.7422 
0.0410 
0.0472 
0.7422 
0.8304 
4.9 
5.7 
89.4 
100.0 42.8 0.004337 29.9 55.7 
1957 Fields 
Si tes/fields 
Plants/s ites 
Total 
31 
32 
256 
319 
3.0079 
1.7968 
0.9828 
0.1211 
0.1628 
0.9828 
1.2667 
9-6 
12.8 
77.6 
100.0 57-2 0.009399 38.3 76.1 
1958 Fields 
S ites/f ields 
Plants/si tes 
Total 
31 
32 
256 
319 
12.3447 
1.9375 
0.8625 
1.0407 
0.2150 
0.8625 
2.1182 
49.1 
10. 1 
40.8 
100.0 88.4 0.038576 50.0 126.8 
1959 Fields 
Si tes/fields 
Plants/sites 
Total 
31 
32 
256 
319 
0.0864 
0.0938 
0.0656 
-0.0007 
0.005b 
0.0656 
0.0705 
-1.0 
7.9 
93.1 
100.0 6.9 0.000271 3.7 10.1 
Table 39» Analysis of variance, mean number of 1 
interval of the mean, fall larvae 
Source of Percent 
Year variation df M.S. s2 variation 
1950 Fields 175 7.1226 0.2969 12.7 
Si tes/fields 174 4.1533 0.5293 22.7 
Plants/s i tes 1393 1.5067 1.5067 64.6 
Total 1742 2.3329 100.0 
1951 Fields 87 3.23 0.140 10.6 
Si tes/fields 88 1.83 0.164 12.5 
Plants/sites 704 1.01 1.010 76.9 
Total 879 1.314 100.0 
1952 Fields 87 8.0785 0.4160 14.1 
Sites/fields 88 3.9182 0.3485 18.0 
Plants/s ites 704 2.1756 2.1756 67.9 
Total 879 2.9401 100.0 
1953 Fields 87 41.8073 3.1056 29.9 
Sites/f ields 88 9.7508 0.6163 5.9 
Piants/sites 704 6.6694 6.6694 64.2 
Total 879 10.3913 100.0 
1954 Fields 31 90.8286 7.5716 28.7 
Sites/fields 32 15.1125 -0.9263 -3.5 
PI ants/si tes 256 19.7438 19.7438 74.8 
Total 319 26.3891 100.0 
per 100 plants, and 95 percent confidence 
95 percent confidence 
interval of mean 
Variance of 
Mean number mean number 
larvae per of larvae Lower Upper 
100 plants per plant limit limit 
110.0 0.004047 97.5 122.5 
73.3 0.003670 61.5 85.1 
119.4 0.009179 100.6 138.2 
267.4 0.046370 225.3 309.5 
557.2 0.283838 452.9 661.5 
Table 39. (cont.) 
95 percent 
interval of 
confidence 
mean 
Year 
Source of 
variation df 
\ 
'M.S. S2 
Percent 
variation 
Mean number 
larvae per 
100 plants 
Variance of 
mean number 
of larvae 
per plant 
Lower 
limit 
Upper 
limit 
1955 Fields 
S i tes/f ields 
Plants/s i tes 
Total 
31 
32 
256 
319 
13.4241 
6.0219 
4.5359 
0.7402 
0.2972 
4.5359 
5.5733 
13.3 
5.3 
81.4 
100.0 153. 1 0.04)949 113.1 193.1 
1956 Fields 
Si tes/fields 
Plants/s i tes 
Total 
31 
32 
256 
319 
12.8459 
7.3219 
4.8578 
0.5524 
0.4928 
4.8578 
5.9030 
9-3 
8.3 
82.4 
100.0 178.7 0.040143 138.9 218.5 
1957 Fields 
Si tes/fields 
Plants/si tes 
Total 
31 
32 
256 
319 
51.8821 
15.2594 
22.0828 
3.6623 
-1.3647 
22.0828 
24.3804 
15.0 
-5-6 
90.6 
100.0 206.9 0.162133 128.2 285.6 
1.958 Fields 
Si tes/fields 
Plants/s i tes 
Total 
31 
32 
256 
319 
8.9093 
5.1312 
2.0000 
0.3778 
0.6262 
2.0000 
3.0040 
12.6 
20.8 
66.6 
100.0 128.4 0.027841 95.9 160.9 
1959 Fields 
Si tes/fields 
Plants/s i tes 
Tota 1 
31 
32 
256 
319 
0.1415 
0.0875 
0.1141 
0.0054 
-0.0053 
0.1141 
0.1142 
4.7 
-4.6 
99.9 
100.0 10.0 0.000442 5.9 14.1 
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meaning that, if it is stated that the confidence interval includes the 
true population mean, this statement will be correct on the average 95 
percent of the time. As the population mean increased, so did the vari­
ance, and as a result the width of the confidence interval also increased. 
It should be pointed out at this time that the accurate estimation of a 
very high population is not as critical as the estimation of a low or 
moderate population. The widest confidence interval calculated occurred 
in data collected in the fall of 1954. This confidence interval (452.9 
to 661.5 borers per 100 plants) represents a high population at both the 
lower and upper limits of the interval. If an interval of similar width 
should occur when the point estimate of the mean is much lower, the value 
of this point estimate would be greatly reduced. When the point estimate 
of the population was very low (first brood 1952 and 1959, fall 1959), 
the width of the confidence interval was also low. 
Estimates of the respective components of variance were also computed. 
As a result of sampling variation it was necessary to give a negative 
value to several of the components. In every case but one (first brood 
1953) the greatest amount of variation occurred between plants within 
sites. Thus the greatest amount of variation in the corn borer popula­
tion occurred between individual plants. The greatest variation between 
fields occurred in years when the population mean was high (fall 1953, 
1954, first brood 1950, 1954, and 1958), and conversely, the least var­
iation between fields usually occurred in years when the population mean 
was low (first brood 1952, fall 1959). This indicates that when the pop­
ulation mean is low, the borer population is rather evenly distributed, 
but when the population is high, the population is not evenly distributed 
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and considerable variation occurs between fields. This is readily seen 
by examination of the tables showing the frequency distribution of first 
brood and fall larvae (Tables 20 and 30). 
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SUMMARY 
An ecological investigation of the European corn borer was con­
ducted in Boone County, Iowa from 1950 through 1959- The effects of 
cultural practices, natural enemies, and weather conditions on the corn 
borer were evaluated. 
The highest overwintering borer populations occurred in oat fields. 
The size of this population depended on the size of the population the 
previous fall, indicating that winter weather had little effect upon the 
corn borer population in Boone County. 
The duration of first brood pupation, moth flight, and oviposition 
was lengthened under conditions of cool temperatures. The intensity of 
first brood oviposition was somewhat related to the size of the over­
wintering population. Oviposition was heaviest in years when June 
temperatures and/or rainfall were above normal. Oviposition in individual 
fields was largely influenced by date of planting' and plant height, the 
earlier plantings and the taller corn receiving the most eggs. 
The majority of first brood eggs hatched. Some eggs were missing 
with smaller numbers being recorded as eaten by predators, dried, or 
infert i1e. 
First brood infestation was greater on the earlier planted and tal­
ler corn. Larval survival was inversely proportional to total eggs. 
While the highest borer populations per plant occurred in the 
earliest plantings of corn, the highest total populations occurred in 
corn planted 6 to 10 days after the first planting date. This was because 
only a small percent of the total corn acreage was planted early, with 
1 24 
the greatest amount of acreage being planted 6 to 10 days after the 
first planting. 
Second brood pupation in Boone County ranged from 9 to 92 percent 
during the period 1550-59- Low pupation occurred in years with cooler 
summer temperatures. Second brood oviposition was reduced in years when 
conditions in August were hot and dry. 
A higher percent of second brood eggs than first brood eggs were 
recorded as hatched. Less eggs were missing but a higher percent were 
eaten by predators. 
The fall infestation could not be related to date of planting as was 
first brood infestation. Cavities in the fall were the summation of 
first and second brood infestation while some larvae found in the fall 
in some years were first brood borers. 
The relationship between the fall infestation and corn acreages was 
similar to that of the first brood, with the highest total populations 
occurring in fields planted mid-way through the planting period. 
The seasonal development of the corn borer was directly proportional 
to day degrees. Mathematical equations were computed so that any desired 
percent of first and second brood pupation, moth emergence, moth flight, 
or oviposition can be estimated for any number of day degrees. The best 
results were obtained for percentages between 10 and 90. 
Insect predators were more abundant during the period of second 
brood activity. The only effect in the data available of predators on 
the corn borer is that a higher percent of second brood eggs than first 
brood eggs were recorded as eaten by predators. 
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The most numerous insect parasite of the corn borer in Boone County 
was Lydella grisescens. Populations of this species were higher after 
1953) and fluctuated somewhat after this date. 
An analysis of variance of first brood and fall larval populations 
was computed. The results showed that the greatest amount of variation 
in the borer population occurred between individual plants. When pop-
the variation between fields was low. High popula­
ted with a large amount of variation between fields. 
ulations were low, 
tions were associa 
126 
LITERATURE CITED 
Anonymous 
I960 Status of the European corn borer in 1959. Cooperative Econ. 
Ins. Rept. 10(3):29-38. 
Apple, J. W. 
1952 Corn borer development and control on canning corn in relation 
to temperature accumulation. J. Econ. Ent. 45:877-879-
Arbuthnot, K. 0. 
1949 Temperature and precipitation' in relation to the number of 
generations of the European corn, borer in the United States. 
U. S. Dept. Agr. Tech. Bui. 987-
Babcock, K. W. 
1927 The European corn borer Pyrausta nubilalis (Hbn.) II. A 
discussion of its seasonal history in relation to various 
climates. Ecology 8:177-193-
and A. M. Vance 
1929 The corn borer in central Europe, a review of investigations 
from 1924-1927. U. S. Dept. Agr. Tech. Bui. 135-
Baker, W. A., W. G. Bradley, and C. A. Clark 
1949 Biological control of the European corn borer in the United 
States. U. S. Dept. Agr. Tech. Bui. 983-
Bancroft, T. A. and T. A. Brindley 
1958 Methods for estimation of size of corn borer populations. 
Proc. Tenth Intern. Congr. Ent. 2:1003-1014. 
Barber, G. W. 
1924 The importance of winter mortality in the natural control of 
the European corn borer in New England. Psyche 3l:279-292. 
1925a The efficiency of birds in destroying overwintering larvae 
of the European corn borer in New England. Psyche 32:30-46. 
1925b A study of the cause of the decrease in the infestation of 
the European corn borer (Pyrausta nubilalis [Hbn.J ) in the 
New England area during 1923- Ecology 6:39-47-
1926 Some factors responsible for the decrease of the European 
corn borer in New England during 1923 and 1924. Ecology 
7:143-162. 
127 
Barber, G. W. 
1929 Heat and time exposure necessary to kill larvae of the 
European corn borer in ear corn. U. S. Dept. Agr. Cir. 71• 
Batchelder, C. H. 
1949 European corn borer location on the corn plant as related 
to insecticidal control. U. S. Dept. Agr. Tech. Bui. 976. 
Beck»" E. V. 
1950 -Status of the European corn borer in 1949. U. S. Dept. Agr. 
Bur. Ent. and Pit. Quar., Ins. Pest. Sur. Spec. Supp. 1. 
Bel 1, Max E. 
1956 Histology of the maize plant in relation to susceptibility of 
the European corn borer. Iowa State College J. Sci. 31:9-17. 
Bigger, J. H. and. H. B. Petty-
1953 Reduction of corn borer numbers from October to June (a ten 
year study). 111. Agr. Expt. Sta. Bui. 566. 
BIickenstaff, C. C., K. 0. Arbuthnot, and H. M. Harris 
1953 Parasites of the European corn borer in Iowa. Iowa State 
College J. Sci. 27:355-380. 
Bottger, G. T. and V. F. Kent 
193' Seasonal studies of the European corn borer in Michigan. 
J. Econ. Ent. 24:372-379-
Caesar, L. 
1925 Mortality of larvae of the European corn borer. Ent. Soc. 
Ont. Ann. Rept. 55:50-52. 
1926 Mortality of European corn borer adults and larvae. Ent. 
Soc. One. Ann. Rept. 56:72-75-
Caffrey, D. J. and L. H. Worthley 
1927 A progress report of the investigations of the European corn 
borer. U. S. Dept. Agr/ Bui. 1476. 
Chiang, H. C. and F. G. Holdaway 
1955 Evaluation of prédation of the European corn borer. Proc. 
North Central Branch Ent. Soc. Amer. 10:63-64. 
, J. L. Jarvîs, C. C. Burkhardt, M. L. Fairchild, C. A. Triplehorn, 
and G. T. Weekman 
ca. 1961 Populations of European corn borer,. Pyrausta nubilalis 
(Hbn.) in field corn, Zea mays (L.) in the north central 
United States. Missouri Agr. Expt. Sta. Tech. Bui. [in 
pressj. 
128 
Clark, C. A. 
1934 The European corn borer and its controlling factors in the 
Orient. -U. S. Dept. Agr. Tech. Bui. 455. 
Cox, H. C. 
1955 Feeding habits of European corn borer larvae on selected field 
corn inbreds and single cross hybrids. Unpublished Ph.D. 
Thesis, Ames, Iowa. Library, Iowa State University of Science 
and Technology. 
Drake, C. J., H. M. Harris, and C. C. Blickenstaff 
1945 The European corn borer situation in Iowa. Iowa Yearbook 
Agr., Div. Ent. Ann. Rept., 1944:91-107. 
Everett, Travis R., H. C. Chiang, and E. T. Hibbs 
1958 Some factors influencing populations of European corn borer 
(Pyrausta nubi lal is [Hbn.3 ) in the north central states. 
Minn. Agr. Expt. Sta. Tech. Bui. 229. 
Everly, Ray T. 
1959 Influence of height and stage of development of dent corn on 
oviposition by European corn borer moths. Ann. Ent. Soc. 
Amer. 52:272-279. ' 
Ficht, G. A. -
1931 Some observations on the planting date of corn and its rela­
tion to European corn borer populations; J. Econ. Ent. 24: 
380-386. 
1936 The European corn borer in Indiana. Ind. Agr. Expt. Sta. 
Bui. 406. 
Froeschner, R. C. 
1950 Observations of predators of European corn borer eggs. Proc. 
Iowa Acad. Sci. 57:445-448. 
Goleman, D. L. 
1954 Biological study of the European corn borer in Boone County, 
" Iowa. Unpublished Ph.D. Thesis, Ames, Iowa. Library, Iowa 
State University of Science and Technology. 
Harris, H. M. 
1948 European corn borer. Iowa Yearbook Agr., Div. Ent. Ann. 
Rept., 1947:119-138. 
and J. M. Brindley 
1942 The European corn borer in Iowa. J. Econ. Ent. 35:940-941. 
129 
Hibbs, E. T. 
1953 The value and use of European corn borer surveys. Proc. 
North Central Branch Ent. Soc. Amer. 8:25-27. 
Huber, L. L. 
1941 Learning to live with the European corn borer. Ohio Bi-Mo. 
Bui. 26:87-104. 
, C. R. Neiswander, and R. M. Salter 
1928 The European corn borer and its environment. Ohio Agr. Expt. 
Sta. Bui. 429. 
Kelsheimer, E. G. and J» B. Polivka 
1931 Correlation of corn borer survival with maturity of corn. 
J. Econ. Ent. 24:386-388. 
Luckmann, W. H. and G. C. Decker 
1952 A corn plant maturity index for use in European corn borer 
ecological and control investigations. J. Econ. Ent. 45: 
226-232. 
Myers, M. T., L. L. Huber, C. R. Neiswander, F. 0. Richey, and G. H. 
Stringfield 
1937 Experiments on breeding corn resistant to the European corn 
borer. U. S. Dept. Agr. Tech. Bui. 583. 
Neiswander, C. R. and L. L. Huber 
1929 Height and silking as factors influencing European corn borer 
populations. Ann. Ent. Soc. Amer. 22:527*542. 
Painter, R. H. and G. A. Ficht 
1925 A field study of reduction of European corn borer larvae in 
the field. Ent. Soc. Ont. Ann. Rept. 55:53-54. 
Patch, L. H. 
1942 Height of corn as a factor in egg laying by the European corn 
borer moth in the one-generation area. J. Agr. Res. 64:503-
515. 
Polivka, J. B. and L. L. Huber 
1931 Influence of host development on establishment of corn borer. 
Ohio Agr. Expt. Sta. Bui. 470. 
Raun, E. S., W. R. Lockhart, and R. J. Beers 
1959 Microorganisms found in field specimens of diseased corn borer 
larvae. Proc. Iowa Acad. Sci. 66:508-512. 
Smith R. C. 
1922 The biology of the Chrysopidae. N. Y. (Ithaca) Agr. Expt. 
Sta. Mem. 58:1285-1377. 
130 
Stirrett, G. M. 
1930 Preliminary observations on the winter mortality of the larvae 
of the European corn borer in Ontario. Ent. Soc. Ont. Ann. 
Rept. 61:48-52. 
Stirrett, G. M. 
1938 A field study of the flight, oviposition, and oviposition 
periods in the life cycle of the European corn borer, 
(Pyrausta nubilalis [Hbn J ) and the physical factors influ­
encing them. Sci. Agr. 18:355-683-
, G. Beali, and E. Lindsay 
1934 Some characteristics of flight and oviposition habits of the 
European corn borer (Pyrausta nubi lal is [Hbn.J ). Ent. Soc. 
Ont. Ann. Rept. 64:12-21. 
Tauber, 0. E. and W. N. Bruce 
1945 Preliminary studies on starvation of first instar corn borer 
larvae (Pyrausta nubilalis). Iowa State College J. Sci. 20: 
53-55. 
Thompson, W. R. and H. L. Parker 
1928 The European corn borer and its controlling factors in 
Europe. U. S. Dept. Agr. Tech. Bui. 59. 
Vance, A. M. 
1942 Studies on the prevalence of the European corn borer in the 
east north central states. U. S. Dept. Agr. Ci r. 649. 
1949 Some physiological relationships of the female European corn 
borer moth in controlled environments. J. Econ. Ent. 42: 
474-483. 
Vinal, 0. C. 
1917 The European corn borer, Pyrausta nubilalis (Hbn.), a 
recently established pest in Massachusetts. Mass. Agr. 
Expt. S ta. Bui. 178:147-152. 
and 0. J. Caffrey 
1918 The European corn borer and its control. Mass. Agr. Expt. 
Sta. Bui. 189. 
Weaver, John C. 
1954 Crop-combination regions in the middle west, Geograph. -
Rev. 44:175-200. 
Weekman, G. T. 
1956 Seasonal population fluctuations of the European corn borer, 
Pyrausta nubilalis (Hbn.). Unpublished M.S. Thesis. Ames, 
Iowa. Library, Iowa State University.of Science and Technology. 
131 
Weekman, G. T. 
1957 Ecological studies of European corn borer populations in 
Boone County, Iowa. Unpublished Ph.D. Thesis. Ames, Iowa. 
Library, Iowa State University of Science and Technology. 
York, G. T., J. C. Schaffner, and T. A. Brindley 
1955 Parasites of the European corn borer found infesting the 
stalk borer. J. Econ. Ent. 48:765-766. 
Zimmack, H. L. 
1956 Effect of Perezia pyraustae Pail lot on the European corn borer, 
Pyrausta nubilalis (Hubner). Unpublished Ph.D. Thesis. Ames, 
Iowa. Library, Iowa State University of Science and Tech­
nology. 
, K. 0. Arbuthnot, and T. A. Brindley 
1954 Distribution of the European corn borer parasite Perezia 
pyraustae, and its effect on the host. J. Econ. Ent. 47: 
641-645. 
132 
ACKNOWLEDGMENTS 
This investigation was made possible through the efforts and 
cooperation of many individuals, under the able direction of Dr. T. A. 
Brindley. 
C. C. Blickenstaff and C. A. Henderson collected the 1950 data, 
D. L. Goleman made field observations from 1951 through 1953, G. T. 
Weekman from 1954 through 1956, and J. M. Jensen and C. 0. Mampe assisted 
the author in making observations from 1957 through 1959. K D. Arbuth-
not reared and identified parasites from larval collections of 1950, 
1951, and 1952. G. T. York was in charge of the parasite rearing and 
identification from 1953 through 1959, assisted by S. W. Carter from 
1955 through 1959. E. S. Raun examined larvae collected in 1959 to 
determine infection by Perezia pyraustae Pail lot. 
T. A. Bancroft of the Department of Statistics, Iowa State Univer­
sity of Science and Technology, aided in the experimental design of this 
study. 
Special thanks are due the many farmers of Boone County whose 
generous cooperation made this investigation possible. 
133 
APPENDIX 
134 
Table 40. Predicted and actual dates and theoretical number of day degrees 
for percent first brood pupation 
Date Day degrees 
Year Pupation Actual Predicted Theoretical Actual 
1950 
1951 
1952 
Percent 
2 May 22 May 14 151 241 
10 25 23 245 300 
25 29 28 319 339 
39 31 31 367 368 
47 June 2 June 2 391 395 
52 3 4 407 399 
81 5 10 508 421 
83 6 10 517 443 
92 9 13 572 506 
98 13 16 650 587 
99 19 19 685 690 
100 23 23 778 786 
1 May 17 May 12 117 194 
6 21 17 211 288 
19 24 22 294 329 
45 28 29 385 380 
49 31 29 397 446 
70 June 4 June 1 464 487 
74 7 2 479 505 
92 11 12 572 566 
95 14 13 601 627 
100 18 22 778 713 
2 May 7 April 29 151 330 
4 13 30 188 339 
6 16 May 1 211 365 
8 20 2 229 390 
26 23 7 323 426 
43 26 19 379 471 
64 29 25 445 491 
89 June 3 June 2 551 572 
91 6 3 564 641 
95 9 5 601 715 
98 12 7 650 812 
100 16 12 778 930 
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Table 40. (cont.) 
Year Pupation 
Date Day deq rees 
Actual Predicted Theoretical Actual 
Percent 
1953 1 May 19 May 10 117 206 
17 26 25 285 307 
42 30 30 377 393 
78 June 2 June 4 495 449 
89 5 8 551 514 
92 9 9 572 583 
100 12 17 778 669 
1954 No data 
1955 4 April 29 April 29 188 189 
11 May 2 May 3 251 239 
19 4 6 294 277 
37 10 15 361 324 
55 12 19 417 335 
80 17 23 503 394 
86 19 25 533 425 
98 24 June 3 650 526 
100 June 2 14 778 636 
1956 15 May 21 May 18 274 323 
60 29 28 431 469 
85 June 4 June 3 527 548 
88 7 9 544 613 
100 11 14 778 707 
1957 2 May 10 April 30 151 261 
16 24 May 14 280 345 
58 28 30 425 388 
78 31 June 4 495 453 
100 June 4 17 778 515 
1958 18 May 12 May 19 289 176 
32 15 24 344 234 
58 19 30 425 296 
84 22 June 4 522 331 
94 26 8 590 385 
100 29 20 778 423 
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Table 40. (cont.) 
Date  Day  degrees  
Year  Pupa t ion  Actua l  P red ic ted  Theore t ica l  Actua l  
Percen t  
1959 4 May 10 May 4 188 267 
16 12 13 280 276 
36 19 21 357 323 
64 22 28 445 367 
80 25 31 503 399 
92 31 June  4 572 508 
100 June  3 14 778 554 
Table  41. Pred ic ted  and  ac tua l  da tes ,  and  theore t ica l  and  ac tua l  number  
o f  day  degrees  fo r  f i r s t  brood  moth  emergence  
Moth  Date  Day  degrees  
Year  emergence  Actua l  P red ic ted  Theore t ica l  Actua l  
Percen t  
I June  5 May 25 291 421 
2 9 29 338 506 
15 13 June  9 506 587 
48 16 18 671 663 
67 20 22 753 707 
83 23 25 838 786 
88 27 27 875 880 
98 30 J u l y  5 1021 926 
100 J u l y  5 14 1194 1029 
2 May 28 May 25 338 380 
7 June  4 31 433 487 
3  7 June  I  445 505 
15 11 8 506 566 
31 14 13 596 627 
50 18 17 680 713 
69 21 21 763 766 
90 25 27 893 857 
96 28 J u l y  2 971 922 
97 J u l y  2 3 993 980 
100 10 14 1194 1147 
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Table 41. (cont.) 
Year  
Moth  
emergence  
Date  Day  deg  rees  
Actua l  Pred i i  : t ed  Theore t ica l  Actua l  
Percen t  
1952 6 June  6 May 23 420 641 
22 9 June  2 551 715 
.42 12 7 646 812 
75 16 12 791 930 
84 19 13 845 998 
91 23 15 895 1083 
95 26 17 953 1170 
98 30 21 1021 1291 
100 J u l y  3 27 1194 1373 
1953 1 June  5 May 26 291 514 
12 9 June  4 483 583 
60 12 14 721 669 
81 16 18 826 769 
94 19 22 938 867 
100 23 J u l y  2 1194 973 
1956 
1957 
1954 No data 
1955 1 / l ay  17 May 6 291 394 
23 24 27 556 526 
27 26 29 578 550 
43 31 June  3 650 591 
65 June  2 10 743 636 
89 7 20 885 723 
97 9 25 993 737 
20 June  7 June  4 540 613 
. 28 13 6 583 765 
36 15 8 . 620 819 
100 19 29 1194 940 
4 June  4 May 28 388 515 
6 11 30 420 651 
20 14 June  5 540 709 
64 18 16 740 796 
90 21 23 893 863 
98 25 30 1021 929 
100 28 J u l y  7 1194 975 
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Table 41. (cont.) 
Year 
Moth 
emergence 
Percent  
Date  
Actual  Predicted 
Day degrees  
Theoretical Actual 
1958 8 
10 
20 
42 
82 
92 
98 
100 
May 
June 
26 
29 
2 
5 
9 
12 
16 
19 
May 
June 
July 
31 
1 
5 
11 
26 
30 
4 
13 
445 
466 
540 
646 
831 
913 
1021 
1194 
385 
423 
483 
544 
620 
660 
712 
761 
1959 4 June 2 May 23 388 • 535 
16 5 June I 515 595 
48 9 9 671 691 
76 12 15 798 754 
90 16 19 893 841 
100 19 July 3 1194 918 
Table 42. Predicted and actual dates, and theoretical and actual 
number of day degrees for first brood moth flight 
Moth Dace Day degrees 
Year f 1 ight Actual- Predicted Theoretical Actual 
Percent 
1 June 11 May 30 357 538 
. 2 12 June 4 404 560 
10 13 11 535 587 
16 14 13 584 612 
34 15 19 683 639 
35 19 19 686 690 
42 20 21 718 707 
47 21 22 738 730 
54 22 23 769 - 754 
74 23 26 860 786 
75 24 26 865 813 
81 25 29 901 845 
82 26 13 906 865 
85 27 July 1 928 880 
86 28 1 - 935 898 
87 30 1 943 926 
90 July 1 2 969 948 
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Table 42. (con:.) 
Year 
1950 
Moth Date  Day degrees  
1951 
1952 
f l ight  Actual  Predicted Theoret ical  Actual  
Percent  
94 July 2 July 5 1015 971 
95 4 6 1030 1013 
96 5 7 1048 1029 
97 7 8 1071 1060 
98 13 9 1099 i 181 
99 20 11 ! 147 1306 
! 00 22 18 1275 1337 
1 June 9 May 26 357 533 
5 10 June 3 473 549 
10 ] 1 10 535 566 
12 12 11 552 584 
21 13 14 615 605 
25 14 15 639 627 
29 15 16 659 647 
36 16 18 691 666 
49 17 20 747 689 
58 18 22 786 713 
60 19 23 794 736 
65 20 23 816 ' 751 
67 21 24 827 766 
71 22 25 845 797 
72 23 25 850 816 
76 24 26 872 833 
77 25 27 884 857 
87 26 30 943 830 
88 27 July 1 950 907 
89 30 ' ' 1 960 948 
90 July 2 2 969 980 
91 5 2 979 1031 
93 7 4 1003 1079 
94 8 4 1015 1105 
95 9 5 1030 1129 
96 11 6 1048 1158 
97 13 7 1071 1191 
98 14 8 1099 1213 
99 17 10 1147 1299 
100 26 17 1275 1539 
1 June 4 May 15 357 589 
7 5 30 501 610 
20 6 ' June 5 610 641 
25 7 6 639 672 
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Table 42. (cont.) 
Moth Date  Day degrees  
Year  f  1 ight  Actual  Predicted Theoret ical  Actual  
Percent  
33 June 9 June 8 678 715 
35 10 8 686 741 
39 11 9 705 773 
60 12 12 79 4 812 
62 13 12 803 847 
72 14 14 850 870 
73 15 14 855 902 
74 16 14 860 930 
77 17 15 884 954 
79 18 15 889 980 
80 19 15 894 998 -
89 21 18 960 1033 
91 23 18 979 1083 
92 24 19 989 1115 
97 25 23 1071 1148 
98 26 24 1099 l-l 70 
99 29 25 1147 1263 
100 July 9 30 1275 1514 
1 June 5 May 29 357 514 
2 7 31 404 541 
7 9 June 5 501 583 
8 10 5 .513 608 
11 11 8 543 637 
20 13 11 610 698 
36 14 13 . 691 724 
45 15 15 730 747 
51 16 16 755 769 
62 17 18 803 - 7-94 
65 18 18 816 829 
73 19 19 - 855 867 
76 20 20 872 898 
80 21 21 894 920 
83 22 21 913 945 
86 23 22 935 973 
92 24 24 989 999 
93 25 25 1003 1012 
95 27 26 1030 1055 
96 28 27 1048 1076 
99 29 July 1 1147 1110 
100 30 6 1275 1289 
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Table 42. (cont.) 
Moth Date  Day degrees  
Year  f  1 ight  Actual  Predicted Theoret ical  Actual  
Percent  
1 June 8 May 28 357 500 
2 9 31 404 525 
3 10 June 5  434 549 
6 11 8 488 577 
9 12 9 525 603 
15 13 1 1 576 624 
18 14 12 596 652 
24 15 14 632 674 
31 16 15 667 696 
48 17 18 744 719 
51 18 19 755 749 
62 19 20 803 - 775 
66 20 21 821 803 
69 21 22 837 828 
79 22 24 889 852 
85 23 25 928 875 
86 24 25 935 904 
88 25 26 950 940 
90 26 26 969 970 
92 27 27 989 998 
94 29 28 1015 1059 
95 30 29 1030 1083 
97 July 1 30 - 1071 1109 
98 2 July 1 1099 1140 
99 3 3 1147 1171 
100 6 7 1275 1261 
2 May 21 May 18 404 468 
6 22 22 488 490 
7 23 23 501 513 
9 28 24 525 572 
12 June 2 27 552 636 
33 3 June 4 678 661 
46 4 9 735 679 
60 5 15 794 698 
64 10 16 813 745 
67 M 17 827 755 
70 15 18 840 798 
71 16 18 845 814 
79 17 20 889 835 
84 18 21 920 856 
88 - 19 23 950 878 
91 20 24 979 904 
93 21 26 1003 928 
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Table 42. (cont.) 
Year 
1955 
Moth Date  Day degrees  
1956 
1957 
f1ight  Actual  Predicted Theoret ical  Actui  
Percent  
-
94 22 26 1015 947 
95 23 27 1030 962 
96 24 28 1048 979 
97 25 29 1071 996 
98 28 30 i 099 1060 
100 July 5 July 6 1275 1257 
3 June 4 May 28 434 548 
14 5 June 6 569 568 
30 6 10 664 590 
33 7 10 678 613 
35 8 11 686 632 
41 • 9 ' 12 713 654 
53 10 13 764 68 i 
65 11 15 816 707 
73 12 17 855 735 
77 13 18 884 765 
79 14 18 889 793 
82 15 18 906 819 
83 16 19 913 846 
87 17 20 943 874 
89 19 20 960 940 
91 20 21 979 971 
93 21 21 1003 1003 
94 22 22 1015 1031 
95 23 22 1030 1057 
98 24 25 1099 i  089 
99 29 27 1147 1212 
100 July 5 July 2 1275 1351 
1 June 6 - /lay 25 357 565 
2 9 29 404 609 
5 10 June 2 473 630 
7 1 1 4 501 651 
10 12 5 535 666 
35 13 8 686 689 
" 47 14 16 • 738 709 
49 15 16 747 728 
60 17 18 794 778 
61 18 19 799 796 
63 19 19 808 815 
69 20 20 837 837 
75 21 22 866 863 
76 22 22 872 887 
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Table 42. (cont.) 
Year 
1957 
Moth Date  Day degrees  
1958 
1959 
flight  Actual  Predicted Theoret ical  Actual  
Percent  
78 25 22 882 929 
83 26 24 913 946 
86 27 26 935 957 
89 28 28 960 975 
91 29 29 • 979 998 
94 30 30 1015 1027 
97 July 1 July 2 1071 1047 
98 2 4 i 099 1071 
99 6 6 - 1147 1166 
100 10 10 1275 1275 
6 May 30 June 3 488 442 
27 31 ... 1 1 649 460 
28 June 1 12 654 471 
30 3 13 664 498 
32 7 13 672 580 
36 8 15 691 600 
52 9 19 761 620 
71 10 27 845 643 
73 12 27 855 660 
76 14 28 872 688 
77 15 29 884 700 
86 16 July 1 935 712 
87 17 1 943 724 
89 18 • 1 960 741 
94 19 4 1015 761 
95 20 4 1030 778 
96 24 5 1048 824 
97 28 6 1071 879 
98 30 8 1099 934 
99 July 6 11 1147 1071 
100 15 18 1275 1247 
1 June 4 / lay 21 357 572 
6 5 30 488 595 
12 6 June 3 552 617 
21 7 6 615 640 
31 8 9 667 665 
48 9 12 744 691 
62 10 15 803 711 
73 11 17 855 735 
76 - 13 - 18 872 770 
77 14 18 884 788 
79 15 18 889 811 
144 
Table 42. (cont.) 
Moth Date Day degrees 
Year f 1 ight Actual Predicted Theoretical Actual 
Percent 
85 16 20 928 841 
90 17 22 969 869 
94 18 24 1015 892 
96 19 25 1048 918 
97 21 26 1071 963 
98 24 27 1099 1031 
99 25 29 1147 1062 
100 29 July 7 1275 1160 
Table 43.  Predicted and actual  dates ,  and theoret ical  and actual  number 
of  day degrees  for  f i rs t  brood oviposi t ion 
Date Day degrees 
Oviposi t ion Actual  Predicted Theoret ical  Actual  
Percent  
1 June 16 June 9 504 663 
2 17 12 548 673 
3 19 13 575 690 
5 21 14 611 730 
8 22 16 648 754 
13 23 20 692 786 
21 24 22 742 813 
37 26 25 • 817 865 
49 27 26 864 880 
60 28 29 907 898 
64 29 30 925 911 
69 30 July 1 946 926 
71 July 1 2 954 948 
75 3 3 973 995 
81 4 4 1006 1013 
85 5 6 1031 1029 
88 6 7 1051 1045 
89 7 7 1060 1060 
91 8 8 1079 1081 
92 9 9 1087 1102 
94 10 10 1110 1125 
96 11 11 1141 1147 
97 12 12 1162 1170 
98 13 14 1189 1181 ' 
99 14 16 1232 1195 
145 
Table 43. (cont.) 
Date Day degrees  
Year  Oviposi t ion Actual  Predicted Theoret ical  Actual  
Percent  
1950 
1951 
1952 
100 July 19 July 23 1351 1292 
1 June 13 June 7 504 605 
2 14 10 548 627 
4 15 13 595 647 
7 18 15 637 713 
8 19 16 648 736 
10 20 17. 668 751 
14 21 18 700 766 
15 22 18 706 797 
20 23 20 737 816 
25 25 21 764 857 
27 26 22 773 880 
36 27 23 812 907 
40 28 24 829 922 
47 29 25 856 937 
50 30 26 868 948 
55 July 2 27 889 980 
58 3 28 900 1002 
64 4 29 925 1016 
68 5 30 942 1031 
73 6 July 2 964 1049 
77 7 3 984 1079 
85 9 5 1031 1129 
89 10 7 1060 1147 
91 11 7 1078 1158 
93 12 8 1100 1172 
95 13 9 1118 1191 
96 14 10 1 142 1213 
98 16 13 1189 1273 
99 17 15 1232 1299 
100 20 20 1351 1373 
40 June 16 June 13 829 902 
50 17 14 868 930 
65 18 16 928 954 
76 19 18 979 980 
79 20 19 995 998 
80 22 20 1000 1017 
83 23 20 1017 1083 
85 24 21 1031 1115 
90 25 23 1068 1148 
93 26 24 1100 1170 
95 27 25 1118 1196 
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Table 43. (cont.) 
Year Oviposi t ion Actual  Predicted Theoret ical  Actual  
Percent  
1952 97 July 1 June 26 1162 1319 
99 4 29 1232 1400 
100 5 July 3 1351 1428 
1953 1 June 12 June 5 504 669 
3 13 9 575 698 
10 15 12 668 747 
19 16 15 731 769 
25 17 16 764 794 
32 18 18 795 829 
44 19 19 845 867 
48 20 19 861 898 
58 22 21 900 945 
69 23 23. 946 973 
75 24 23 973 999 
79 25 24 995 1012 
84 26 26 1023 IO33 
86 27 27 1037 1055 
90 29 28 1068 1110 
93 30 29 1100 i134 
94 July 1 29 1110 1164 
96 3\ July 1 1142 1214 
97 4 1 1162 1244 
99 7 4 1232 1313 
100 9 10 1351 1343 
1954 1 June 16 June 9 504 696 
4 18 12 595 749 
11 19 16 676 775 
23 21 19 753 828 
38 22 21 820 852 
50 23 23 868 875 
58 24 24 900 904 
72 25 26 959 940 
77 26 27 984 970 
86 28 29 1037 1027 
93 29 July 1 1100 1059 
95 30 2 1118 1083 
97 July 1 3 1162 1109 
99 26 1232 1140 
100 6 10 1351 1261 
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Table 43. (cont.) 
Date Day degrees  
Year  Oviposi t ion Actual  Predicted Theoret ical  Actual  
Percent  
1955 
1956 
1957 
1 June 3 May 23 504 661 
19 7 June 8 731 723 
20 14 9 737 782 
24 15 12 757 798 
27 16 14 773 814 
30 17 15 787 835 
31 18 15 790 856 
32 19 15 795 878 
46 20 18 848 904 
54 21 20 884 928 
68 22 22 942 947 
71 23 . 23 954 962 
74 24 24 968 979 
79 25 25 994 996 
89 27 28 1060 1037 
90 29 29 1068 1081 
93 30 30 1100 1110 
96 July 1 July 2 1142 1136 
100 13 9 1351 1477 
1 June 8 June 1 504 632 
2 1 1 4 548 707 
9 13 5 659 76 5 
23 14 13 753 793 
30 15 14 787 819 
36 16 15 812 846 
61 18 19 912 906 
70 19 20 950 940 
79 20 21 995 971 
89 21 24 1060 1003 
91 22 24 1078 1031 
95 23 25 1118 1057 
99 27 30 1232 1168 
100 July 1 July 5 1351 1272 
1 June 12 June 4 504 666 
3 14 7 575 709 
4 15 . 9 595 728 
5 17 10 611 778 
16 18 15 713 796 
22 19 16 748 815 
30 20 18 787 837 
48 21 21 861 863 
57 22 23 896. 887 
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Table 43. (cont.) 
Year Ovîposi  t ion Actual  Predicted Theoret ical  Actual  
Percent  
1957 60 June 24 June 24 907 915 
65 25 25 928 929 
69 26 26 946 946 
72 27 28 959 957 
83 29 - 30 1017 998 
84 30 July 1 1023 1022 
87 July 1 1 1045 1047 
93 2-4 1099 1071 . 
95 3 • 5 HI8 1095 
99 4 9 1232 1117 
100 10 13 1351 1275 
1958 1 June 2 June 4 504 483 
3 4 7 575 524 
4 5 8 595 544 
5 6 9 611 559 
7 7 10 637 580 
10 9 13 668 620 
29 10 21 782 643 
43 11 26 840 650 
45 12 27 848 660 
49 13 28 864 678 
57 1 4 29 896 688 
65 16 30 928 712 
71 17 July 1 954 724 
77 18 3 984 741 
80 19 3 1000 761 
86 20 5 1037 778 
89 21 6 1060 790 
90 23 .6 1068 810 
93 24 8 1099 824 
95 25 9 1118 830 
96 26 10 1142 843 
97 27 12 1169 858 
98 28 12 1182 879 
99 July 1 15 1232 962 
100 . 8 22 1351 1106 
1959 16 June 8 June 11 714 665 
19 9 11 731 691 
21 10 12 742 711 
40 11 16 829 . 735 
46 12 17 848 754 
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Table 43- (cont.) 
Date Day degrees  
Year  Ovîposi t ion Actual  Predicted Theoret ical  Actual  
Percent  
51 June 13 June 18 871 770 
63 14 20 920 788 
69 15 2? 946 8H 
70 16 21 950 841 
77 17 23 984 869 
81 18 24 1006 892 
82 19 24 1011 918 
88 20 25 1051 940 
93 21 27 1099 963 
95 22 27 1118 982 
98 23 July 3 1189 i  002 
100 24 9 1351 1031 
Table 44. Predicted and actual  dates ,  and theoret ical  and actual  number 
of day degrees  for  second brood pupat ion 
Date  Day degrees  " 
Year  Pupat ion Actual  Predicted Theoret ical  Actual  
Percent  
1950 1 Aug.  3 July 19 1284 ' 1591 
3 4 27 1425 1607 
5 7 30 1497 1671 
6 ' 8 31 1525 1696 
9 9 Aug.  4 1594 1723 
1951 4 July 26 July 24 1466 1539 
8 Aug.  3 28 1572 1744 
19 6 Aug.  3 1737 1807 
25 9 6 1803 1883 
28 16 7 1831 2021 
36 21 10 1900 2112 
1952 1 July 14 June 30 1284 1646 
7 17 July 11 1550 1716 
15 21 16 1687 1843 
17 24 17 1715 1921 
60 28 31 2091 2042 
70 31 Aug.  4 2175 2102 
72 Aug.  4 5 2194 2187 
76 7 8 2234 2231 
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Table 44. (cont.) 
Year 
Date  Day degrees  
Pupation Actual Predicted Theoretical Actua1 
Percent 
78 Aug. 11 Aug. 8 2253 2307 
80 14 10 2275 2371 
82 18 1 1 2297 2460 
88 21 15 2378 2530 
1 July 13 July 7 • 1284 1430 
3 17 13 1425 1534 
12 23 21 1643 1703 
30 27 28 1850 1820 
43 Aug. 3 Aug. 1 1956 2032 
50 6 3 2012 2098 
54 10 4 2044 2175 
72 1-3 11 2194 2244 
76 17 13 2234 2323 
77 20 13 2244 2380 
79 27 14 2266 2564 
1 July 16 July 7 1284 1544 
7 20 17 1550 1661 
13 23 20 1659 1729 
49 27 Aug. 4 2003 1827 
55 30 6 2053 ' 1918 
62 Aug. 3 8 2106 20Q2 
74 4 14 2212 2026 
80 6 16 2275 2067 
85 13 19 2337 2200 
4 July 18 July 11 1466 1670 
12 25 17 1644 1816 
44 27 31 1966 1881 
64 30. Aug. 6 2125 1949 
86 Aug. 6 15 2350 2146 
8 July 23 July 20 1572 1674 
16 26 25 1703 1739 
45 29 Aug. 4 1972 1818 
54 Aug. 2 8 2044 1939 
74 6 14 2212 2010 
80 9 17 2275 2084 
89 13 23 2397 2195 
90 16 24 2412 2271 
1952 
1953 
1954 
1955 
1956 
1957 
Table 44. (cont.) 
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Date Day degrees  
Year Pupation Actual Predicted Theoretical Actual 
Percent 
1957 91 Aug. 20 Aug. 25 2431 2345 
92 23 26 2450 2405 
1958 6 July 23 July 31 1525 1374 
14 26 Aug. 5 1675 1436 
22 30 9 1772 1521 
36 Aug. 2 14 1900 1595 
40 6 15 1934 1706 
46 9 17 1981 1786 
54 16 20 2044 I960 
62 20 23 2106 2065 
1959 2 July I4 July 11 1372 1457 
10 17 21 1612 1526 
16 21 25 1703 1613 
28 28 30 1831 1793 
42 31 Aug. 3 1950 1876 
64 Aug. 4 11 2125 1986 
68 7 12 2159 2055 
88 11 21 2378 2137 
92 14 23 2450 2214 
Table 45- Predicted and actual  dates ,  and theoret ical  and actual  
number of  day degrees  for  second brood moth emergence 
Moth Date  Day degrees  
Year  .  emergence "  Actual  Predicted Theoret ical  Actual  
Percent  
5 Aug. 4 Aug. 8 1680 1607 
8 8 10 1730 1696 
28 15 19 1903 1838 
63 18 Sept. 1 2093 1898 
64 22 1 2100 1946 
97 29 25 2416 2052 
100 30 - 2668 2068 
2 July 30 July 29 1598 1647 
13 Aug. 6 Aug. 6 1789 1807 
15 10 7 1808 1907 
31 13 11 1920 1967 
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Table 45. (cont.) 
Moth Date  Day degrees  
Year  emergence Actual  Predicted Theoret ical  Actual  
Percent  
39 Aug. 16 Aug. 13 1966 2012 
83 21 27 2222 2112 
89 27 29 2280 2230 
100 30 - 2668 2318 
6 July 24 July 17 1700 1921 
18 28 21 1833 2042 
32 Aug. 1 25 1927 2126 
48 4 28 2014 2187 
50 7 28 2025 2231 
68 11 Aug. 1 2122 2307 
82 14 7 2214 2371 
93 " 18 13 2333 2460 
100 21 29 2668 2530 
1953 10 July 27 July 25 1758 1820 
11 31 26 1768 1940 
23 Aug. 3 29 1870 2032 
28 6 30 1903 2098 
61 10 Aug. 6 2083 2175 
81 13 12 2207 2244 
89 .17 15 2280 2323 
97 24 22 2416 2474 
100 27 28 2668 2564 
1954 8 July 23 July 24 1730 1729 
25 30 30 1885 1918 
56 Aug. 3 Aug. 6 2056 2002 
79 10 13 2193 2155 
83 13 14 2222 2200 
1955 - -
1956 5 Aug. I July 19 )680 1996 
19 3 26 1841 2054 
58 6 Aug. 4 2066 2146 
87 15 11 2260 2370 
93 17 14 2333 2420 
J957 1 July 23 July 19 1539 1674 
2 27 21 1598 1762 
4 29 23 1660 1818 
14 Aug. 2 29 1800 1939 
35 6 Aug. 3 1943 2010 
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Table 45. (cont.) 
Moth Date Day degrees 
Year emergence Actual Predicted Theoretical Actual 
Percent 
1957 
1958 
1959 
42 Aug. 9 Aug. 5 1983 2084 
73 13 12 2152 2195 
86 16 15 2250 2271 
95 20 22 2366 2345 
100 23 Sept. 6 2668 2405 
3 July 30 Aug. 4 I&33 1521 
6 Aug. 2 6 1700 1595 
19 6 11 1841 1706 
48 9 19 2014 1786 
58 13 21 2066 1888 
77 16 29 2179 I960 
too 20 Oct. 2 2668 2065 
2 July 24 Ju 1 y 21 1598 1687 
9 31 27 1745 1876 
26 Aug. 4 Aug. 1 1891 1986 
37 7 4 1956 2055 
87 11 17 2260 2137 
100 14 31 2668 2214 
Table 46. Predicted and actual dates, and theoretical and actual number 
of day degrees for second brood moth flight 
Moth Date Day degrees 
Year f 1 i ght Actual Predicted Theoretical Actual 
Percent 
1 Aug. 3 July 31 1529 1591 
2 4 Aug. 4 1597 1607 
3 6 6 1639 1649 
6 7 10 1717 1671 
7 8 12 1736 1696 
10 9 13 1785 1723 
11 10 14 1797 1744 
12 11 14 1810 1760 
Î3 12 15 1822 1772 
15 13 16 1844 1788 
19 14 17 1883 1812 
27 15 23 1949 1838 
39 17 28 2029 1885 
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Table 46. (cont.) 
Moth Date  Day degrees  
Year  f  1 ight  Actual  Predicted Theoret ical  Actual  
Percent  
42 Aug. 18 Aug. 29 2049 1898 
47 21 31 2078 1928 
48 23 Sept. 1 2085 1967 
49 24 1 2090 1985 
50 25 1 2097 2000 
56 26 3 2134 2010 
59 29 5 2154 2052 
60 30 5 2158 2068 
63 31 7 2178 2083 
68 Sept. 1 10 2212 2102 
73 2 12 2246 r 119 
75 8 14 2261 2192 
82 9 18 2319 2209 
91 10 -25 2424 2229 
92 15 27 2439 2278 
96 18 Oct. 6 2524 2332 
97 20 - 2556 2375 
98 22 - 2597 2405 
99 Oct. 2 - 2666 2514 
100 . 9 - . 2851 2546 
1 Aug. 1 July 26 1529 1700 
2 4 29 1597 1763 
3 5 30 1639 1784 
4 6 31 1671 1807 
8 8 Aug. 4 1754 I860 
9 9 5 1771 1883 
11 11 6 1797 1920 
13 12 7 1822 1944 
17 13 9 1866 1967 
18 14 9 1873 1988 
19 15 9 1883 2006 
21 16 10 1900 2021 
23 17 11 1917 2041 
26 18 12 1941 2059 
35 19 15 2002 2080 
36 : 20 16 2010 2098 
37 21 16 2017 2112 
39 22 17 2029 2125 
42 23 18 2049 2142 
44 24 19 2061 2154 
53 25 22 2115 2178 
60 26 25 2158 2204 
61 27 25 2166 2230 
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Table 46. (cont.) 
Moth Date  Day degrees  
flight Actual Predicted Theoretical Actual 
Percent 
66 Aug. 28 Aug. 26 2197 2255 
77 29 29 2278 2283 
80 30 30 2297 2318 
81 31 31 2312 2342 
86 Sept. 1 Sept. 2 2361 2354 
90 2 5 2410 2368 
91 3 6. 2424 2382 
96 6 12 2524 2476 
97 7 15 2556 2440 
98 8 19 2597 2458 
99 11 - 2666 2514 
100 26 - 2851 2657 
. 1 July 21 July 10 1529 1843 
' 2 23 12 1597 1899 
7 25 18 • 1736 1954 
8 26 19 1754 1982 
13 27 21 - 1822 2015 
17 30 22 1866 2080 
19 31 23 1883 2102 
22 Aug. 1 24 1910 2126 
26 2 25 1941 2151 
27 3 25 1949 2172 
28 5 26 1956 2197 
32 6 27 1983 . 2211 
40 7 28 2036 2231 
42 8 29 . 2049 2253 
43 9 29 2054 2272 
53 11 Aug. 1 2115 2307 
55 12 2 2129 2322 
64 13 4 2185 2344 
66 14 5 2197 2371 
69 15 7 2219 2398 
75 16 9 2261 2416 
82 17 12 2319 2440 
85 18 14 2351 246o 
86 19 14 2361 2487 
88 20 15 2383 2512 
89 21 15 2397 2530 
90 22 16 2410 2542 
92 24 17 2439 2570 
93 25 18 2458 2584 
95 27 20 2497 2635 
96 28 21 2524 2660 
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Table 46. (cont.) 
Moth Date Day degrees 
f1ight  Actual  Predicted Theoret ical  Actual  
Percent  
97 Sept .  4 Aug.  24 2556 2769 
98 7 26 2597 2830 
99 10 29 2666 2896 
100 12 Sept  . 8 2851 2946 
1 July 23 July 17 1529 1703 
. 3 25 21 1639 1760 
4 26 22 1671 1791 
6 27 24 1717 1820 
7 28 25 1736 1852 
9 29 26 1771 1879 
12 30 27 1810 1906 
14 31 28 1834 1940 
16 Aug.  1 29 1856 1976 
19 2 30 1883 2005 
22 3 31 . 1910 2032 
26 4 Aug.  1 1941 2056 
32 5 • 2 1983 2076 
37 6 3 2017 2098 
42 8 4 2049 2132 
44 9 5 2061 2148 
51 10 7 2102 2175 
57 11 7 21 14 2197 
59 12 10 2154 2219 
65 13 11 2190 2244 
68 14 12 2212 2268 
70 15 13 2224 2286 
74 16 14 2254 2307 
79 17 16 2295 2323 
85 19 19 2351 2362 
86 21 19 2361 2400 
87 22 20 2373 2421 
88 23 21 2383 2446 
91 24 23 2424 2474 
92 25 23 2439 2503 
94 26 25 2475 2532 
95 27 25 2497 2564 
96 28 26 2524 2594 
97 29 27 2556 2626 
98 30 29 2597 2660 
99 31 31 2666 2694 
100 Sept .  7 Sept .  2 2851 2921 
1954 
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Table 46. (cont.) 
Moth Date  Day degrees  
Year  f  1 ight  Actual  Predicted Theoret ical  Actual  
Percent  
1 July 19 July 16 1529 1620 
2 22 18 1597 1712 
5 25 22 1695 1788 
6 26 23 1717 1824 
10 27 25 1785 1862 
14 28 27 1834 1897 
20 29 28 1893 1932 
25 30 30 1934 1969 
32 31 31 1983 2007 
35 Aug. 1 31 2002 2042 
39 2 Aug. 1 2029 2073 
44 3 2 2061 2107 
49 4 3 2090 2138 
54 5 4 2122 2168 
61 6 5 2166 2198 
64 7 6 2185 2221 
65 8 6 2190 2241 
66 9 6 2197 2260 
73 10 9 2246 2287 
74 11 9 2254 2306 
75 12 10 2261 2325 
76 13 10 2271 2344 
77 14 10 2278 2365 
79 15 11 2295 2388 
81 16 12 2312 2417 
83 17 13 2329 2444 
86 18 14 2361 2474 
88 19 15 2383 2503 
89 20 16 2397 2537 
90 22 16 2410 2593 
91 23 17 2424 2616 
93 24 18 2458 2640 
94 25 19 2475 2670 
95 26 19 2497 2702 
97 27 21 2556 2737 
98 28 23 2597 2762 
99 29 25 2666 2787 
100 31 Sept .  3 2851 2817 
1 July 20 July 13 1529 1707 
2 23 16 1597 1765 
4 24 19 1671 1792 
5 25 20 1695 1816 
9 26 24 1771 1850 
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Table 46. (cont.) 
Year 
1956 
Moth Date  Day degrees  
1957 
f 1 ight Actual Predicted Theoretical Actual 
Percent 
13 July 27 July26 1822 1881 
14 29 26 1834 1928 
16 30 27 1856 1949 
20 31 28 1893 1975 
23 Aug. 1 29 1917 1996 
25 2 30 1934 2020 
26 3 30 1941 2054 
39 4 Aug. 3 2029 2089 
44 5 4 2061 2121 
56 6 6 2134 2146 
60 7 7 2158 2169 
66 8 9 2197 2194 
68 9 9 2212 2220 
73 10 10 2246 2246 
78 11 12 2285 2271 
83 12 14 2329 2291 
85 13 15 2351 2318 
87 14 i 6 2373 2342 
92 15 18 2439 2370 
94 16 22 2475 2396 
95 17 23 2497 2420 
96 18 25 2524 2441 
97 24 26 2556 2522 
98 26 28 2597 2567 
99 29 30 2666 2647 
100 31 Sept.13 2851 2685 
1 July 26 July 18 1529 1739 
2 27 21 1597 1762 
3 28 22 1639 1789 
6 29 26 1717 1818 
11 30 29 1797 1847 
16 31 31 1856 1877 
20 Aug. 1 Aug. 1 1898 1909 
23 2 2 1917 1939 
31 5 4 1975 1994 
33 7 5 1990 2031 
40 8 8 2036 2056 
49 9 10 2090 2084 
50 10 10 2097 2108 
59 11 12 2154 2136 
64 12 13 2185 2165 
69 14 14 2219 2223 
72 15 15 2239 2250 
Table 46. (cont.) 
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Year 
1957 
Moth Date  Day degrees  
1958 
1959 
f1iqht Actual Predicted Theoretical Actual 
Percent 
76 Aug. 16 Aug. 16 2271 2271 
77 17 17 2278 2289 
83 >8 20 2329 23M 
85 19 21 2351 2327 
86 20 21 2361 2345 
87 21 22 2373 2363 
90 22 24 2410 2384 
92 23 26 2439 2405 
93 26 26 2458 2464 
96 28 31 2524 2501 
99 30 Sept. 6 2666 2552 
100 Sept. 2 25 2851 2622 
1 Aug. 1 July 31 1529 1568 
2 2 Aug. 3 1597 1595 
4 3 5 1671 1624 
6 4 7 1717 1651 
8 5 8 1754 1680 
14 6 11 1834 1706 
19 7 13 1883 1735 
26 8 16 1941 1759 
31 9 17 1975 1786 
36 10 18 2010 1813 
44 11 20 2061 1841 
58 12 27 2146 1870 
62 13 28 2171 1888 
66 14 29 2197 1915 
74 15 Sept. 2 2254 1939 
77 16 3 2278 i960 
78 17 . 3 2285 1987 
86 18 7 2361 2010 
90 20 9 2410 2065 
91 22 10 2424 2095 
92 24 12 2439 2124 
94 28 15 2475 2177 
96 30 19 2524 2226 
97 Sept. 2 21 2556 2270 
98 3 24 2597 2298 
99 7 30 2666 2374 
100 25 - 2851 2635 
1 July 25 July 18 1529 1712 
3 26 22 1639 1739 
5 27 25 1695 1764 
lôO 
Table 46. (cont.) 
MotIi  Date  Day degrees  
f1iqht Actual Pred icted Theoret ical Actual 
Percent 
• 
9 July 28 July 28 1771 1793 
11 29 29 1797 1823 
16 30 31 1856 1853 
23 31 Aug. 2 1917 1876 
27 Aug. 1 3 1949 1900 
35 2 5 2002 1923 
36 3 5 2010 1954 
44 4 8 2061 1986 
50 5 10 2097 2014 
72 6 16 2239 2036 
73 7 16 2246 2055 
75 8 17 2261 2070 
81 10 19 2312 21 10 
89 11 21 2397 2137 
90 12 22 2410 2166 
91 13 22 2424 2188 
93 14 23 2458 2214 
94 15 24 2475 2232 
95 16 25 2497 2256 
96 17 26 2524 2280 
98 19 28 2597 2338 
99 22 31 2666 2436 
100 25 Sept. 8 2851 2521 
Table 47. Predicted and actual  dates ,  and theoret ical  and actual  number 
of  day degrees  for  second brood oviposi t  ion 
Date  Day degrees  
Year  Ovîposi t ion Actual  Predicted '  Theoret ical  Actual  
Percent  
6 Aug. 14 Aug. 7 1660 1812 
10 15 11 1745 1838 
15 16 15 1818 1864 
23 17 19 1909 1885 
30 18 24 1975 1898 
36 19 27 2024 1911 
40 20 30 2057 1915 
45 21 Sept. 1 2094 1928 
50 22 3 2133 . 1946 
59 23 9 2203 1967 
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Table 47. (cont.) 
Date Day degrees  
Year  Oviposi t îon Actual  Predicted Theoret ical  AcLual  
Percent  
1950 
1951 
1952 
65 Aug. 24 Sept. 12 2248 • 1985 
66 25 13 2257 2000 
72 28 13 2309 2040 
77 29 20 2357 2052 
84 31 27 2433 2068 
89 Sept. 1 Oct. I 2506 2102 
90 2 6 2521 21 19 
92 4 - 2557 2149 
98 5 - 2754 2159 
99 6 - 2839 2169 
100 13 - 3069 2258 
4 Aug. 11 Ju ly  29 1603 1920 
9 13 Aug. 3 172 7 1967 
14 14 6 1806 1988 
17 15 3 1845 2006 
23 16 1 i 1909 2021 
28 17 13 1957 2041 
30 18 14 1975 2059 
34 20 ! 6 2009 2098 
40 21 18 2057 21 12 
42 22 19 2072 2125 
45 23 20 2094 2142 
48 24 21 2118 2154 
53 25 24 2154 2178 
65 27 28 2248 2230 
72 28 30- 2309 2255 
75 29 31 2336 2283 
77 '30 Sept, . 2 2357 2318 
81 31 5 2400 2342 
83 Sept. 1 6 2421 2354 
91 .4 13 , 2539 2394 
94 5 19 2603 . 2412 
96 6 ' - 2663 2426 
99 7 - 2839 2440 
100 10 - 3069 2490 
1 Ju ly  25 Ju ly  5 1427 1954 
2 26 9 1512 1982 
3 28 i 1 1563 2042 
4 " 29 i 3 1603 2059 
5 30 14 1633 2080 
7 31 16 1685 2102 
14 Aug.  1 20 1806 2126 
162 
Table 47- (cont.) 
Date Day degrees 
Year Oviposit ion Actual Predicted Theoretical Actual 
Percent 
19 Aug. 2 July 22 1366 2151 
25 4 25 . 1930 2187 
33 5 27 2000 2197 
35 6 27 2015 2211 
ko 7 29 2057 2231 
46 8 Aug. 1 2103 2253 
50 9 2 2133 2272 
55 11 3 2172 2307 
59 12 6 2203 2322 
63 13 8 2233 2344 
69 14 9 2285 2371 
74 15 13 2327 2393 
76 16 14 2348 2416 
79 18 15 2373 2460 
32 19 16 2409 2487 
84 20 17 2433 2512 
88 21 19 2488 2530 
90 22 21 2521 2542 
93 ' 23 25 2581 2553 
94 25 26 2603 2584 
95 27 27 2630 2635 
98 28 Sept. 3 2754 2660 
99 29 8 2839 2635 
100 S2pt. 2 22 3069 2751 
1 July 27 July 13 1427 1326 
2 28 17 1512 1852 
3 29 18 1563 1879 
5 30 21 I633 1906 
3 31 24 1706 1940 
11 Aug. 1 25 1760 1976 
20 3 29 1879 . 2032 
30 4 Aug. 1 1975 2056 
35 5 3 2015 2076 
42 6 5 2072 2098 
49 7 3 2124 2114 
53 8 10 2154 2132 
57 10 11 2188 2175 
61 11 12 2218 2197 
64 12 13 • 2242 2219 
67 13 14 2266 2244 
71 14 16 2300 2268 
73 15 17 2318 2286 
75 17 1 8  2336 2323 
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Table 47. (cont.) 
Date Day degrees 
Year 
1953 
1954 
1955 
iposition Actual Predicted Theoretical Actua 
Percent 
78 Aug. 18 Aug. 20 2366 2342 
79 19 20 2378 2362 
80 20 21 2388 2380 
83 21 22 2421 2400 
85 22 24 2448 2421 
87 25 25 2475 2503 
88 26 25 2488 2532 
91 27 27 2539 2564 
93 28 28 2581 2594 
94 29 29 2603 2626 
95 31 30 2630 2694 
97 Sept. 1 Sept. 1 2703 2728 
99 3 3 2839 2773 
100 7 17 3069 2821 
1 July 29 July 12 1427 1884 
2 30 15 1512 1918 
„3 31 17 1563 1938 
5 Aug. 1 21 1663 1959 
8 3 23 1706 2002 
10 4 24 1745 2026 
13 5 26 1791 2047 
16 6 28 1833 2067 
19 7 29 1866 2088 
25 9 31 1930 2135 
32 10 Aug. 3 1991 2155 
36 11 4 2024 2171 
43 12 7 2078 2186 
55 13 12 2172 2200 
58 14 13 2194 2226 
69 16 17 2285 2279 
75 18 19 2336 2317 
83 19 23 2421 2339 
89 20 26 2506 2360 
90 21 27 2521 2381 
94 23 30 2603 2433 
96 24 Sept. 2 2663 2460 
97 25 4 2703 2490 
98 30 6 2754 2610 
100 31 26 3069 2628 
1 July 28 July 11 1427 1897 
3 29 17 1563 1932 
9 Aug. 1 23 1727 2042 
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Table 47- (conî.) 
Dace Day degrees  
Year  Ovi  pos i  t  ion Actual  Predicted Theoret ical  Actual  
Percent  
14 Aug. 2 July 26 1806 2073 
22 3 29 1900 2107 
37 4 Aug. 1 2033 2138 
43 6 3 2028 2198 
44 7 3 2088 2221 
53 8 5 2154 2241 
60 9 7 2209 2260 
.65 10 9 2248 2287 
72 11 12 " 2309 2306 
74 12 : 3 2327 2325 
77 13 14 2357 2344 
34 15 14 2433 2388 
86 16 14 2460 2417 
90 17 20 2521 2444 
93 18 22 2531 2474 
94 19 23 2603 2503 
96- 20 25 2663 2537 
97 22 27 2703 2593 
93 23 23 . 275! 26l 6 
00 25 Sep:.15 3069 2670 
I Jul y 26 July 9 1427 1850 
2 27 13 :5I2 1331 
3 30 15 1563 1949 
3 31 20 1706 1975 
9 Aug. 2 22 1727 2020 
13 3 27 1354 2054 
21 4 28 1388 2089 
27 7 30 1948 2169 
35 9 Aug. 2 2015 2220 
46 10 5 2103 2246 
54 11 7 2163 2271 
53 13 3 2194 2313 
68 14 12 2275 2342 
73 15 15 2366 2370 
30 16 16 - .2388 2396 
34 19 18 2433 2445 
37 20 22 2475 2448 
89 21 23 2506 2460 
90 22 24 2521 2483 
92 23 26 2557 2508 
95 25 29 2630 2538 
36 26 30 2663 2567 
98 27 Sept. i> 2754 2596 
165 
Table 47. (cont.) 
Date Day degrees  
Year  Ovîposi  t ion Actual  Predicted Theoret ical  Actual  
Percent  
1956 
1957 
1958 
99 Aug. 28 Sept.13 2839 2623 
100 29 28 3069 2647 
1 July 31 July 15 1427 1877 
2 Aug. 1 18 1512 1909 
3 2 19 1563 1939 
4 3 21 1603 1966 
6 5 23 1660 1994 
7 6 24 1685 2010 
8 7 25 1706 2031 
12 8 28 1775 2056 
14 9 29 1806 2084 
17 10 30 1845 2108 
22 12 Aug. 1 1900 2165 
27 13 3 1948 2195 
31 14 4 1982 2223 
47 15 11 2109 2250 
60 16 14 2209 2271 
64 17 15 2242 2289 
79 19 22 2378 2327 
83 20 24 2421 2345 
84 21 25 2433 2363 
93 22 Sept. 1 2581 2384 
97 23 9 2703 2405 
98 24 14 2754 2421 
iOO 28 - 3069 2501 
1 Aug. 4 July 26 1427 1651 
3 5 Aug. 1 1563 1680 
4 6 3 1603 1706 
8 7 6 1706 1735 
15 8 11 1818 1759 
19 9 12 1866 1786 
31 11 17 1982 1841 
38 12 19 2039 1870 
46 13 23 2103 1888 
53 14 28 2154 1915 
62 15 30 2224 1939 
67 16 Sept. 2 2266 I960 
75 18 5 2336 2010 
82 19 9 2409 2039 
86 20 13 2460 2065 
90 21 19 2521 2081 
92 22 21 2557 2095 
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Table 47. (cont.) 
Date Day degrees 
Year Ovi pos it Ion Actual Predicted Theoretical Actual 
Percent 
1958 93 Aug. 23 Sept.23 2581 2108 
95 25 25 . 2630 2128 
96 26 29 2663 2138 
98 28 - 2754 2177 
99 30 - 2839 2226 
100 Sept. 2 - 3069 2270 
1959 14 Aug. 3 July 29 1806 1954 
57 10 Aug. 9 2188 2110 
100 1 1 Sept.26 3069 2137 
